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DETECTION OF MYCOBACTERIA 



FIELD OF THE INVENTION 

The present invention relates to the detection and diagnosis of infection and disease 
due to the mycobacteria, especially Mycobacterium tuberculosis and other mycobacteria 
commonly associated with disease in immunocompromised patients including those with 
acquired immunodeficiency syndrome (AIDS). The present mvention is suited for rapid 
screening of large populations for the presence of M. tuberculosis carriers, as well as 
diagnosing and monitoring disease or infection in patients who present at healthcare or public 
health facilities. 



BACKGROUND OF THE INVENTION 

Organisms within the genus Mycobacterium include obligate parasites, saprophytes, 
and opportunistic pathogens. Most species are free-living in soil and water, but for species 
such as M. tuberculosis and M. leprae, the causative agents of tuberculosis and leprosy 
respectively, the major ecological niche is the tissue of humans and other warm-blooded 
animals. 

Despite the fact that most mycobacteria do not cause disease, a relatively small group 
of organisms within the genus is responsible for a large percentage of human morbidity and 
mortality worldwide. Tuberculosis remains a major global health problem, with nearly one 
third of the world's population infected. Indeed, tuberculosis is the lead.ng cause of death 
due to a single infectious agent. In addition, the World Health Organization estimates that 
worldwide, there are 8-10 million new cases and over 3 million deaths directly attributed to 
this disease reported worldwide (A. Kochi. The global tuberculosis situation and the new 
control strategy of the World Health Organization. Tubercle 72:1-6 [1991]). 

M. tuberculosis is exceptionally easily transmuted, as it is carried in airborne particles 
termed "droplet nucle!." produced when a patient wi.h active tuberculosis coughs. These 
particles are from 1-5 u in size, and are readily suspended ,n air currents. Infection occurs 
when droplet nuclei are inhaled and reach the terminal a.rways of the new host's lungs. 
Usually, the host immune response limits the multiplication and spread of the organism, 
although some organisms may remain dormant, but v.able. for many years post-infection. 
Individuals infected with M. tuberculosis but without disease, usually have a positive sk.n test 
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( ,,.. with purified protein derivative [PPD]). but are asymptomatic and generally not 
infectious. However, latently infected individuals have a 10% risk for developing active 
tuberculosis at some point during their life: the risk is greatest within the first two years post- 
infection. For HIV-pos.tive individuals, the risk is much greater, with the risk at 10-15% per 
5 vear for progression to active disease (F.S. Nolte and B. Metchock. "Mycobacterium." in 

m- nini.nl Microbiology. Sixth Edition. ASM Press: Washington. [1995], PP . 400- 

437). 

Co-infection with human immunodeficiency virus (HIV) and M. tuberculosis has 
resulted in staggering increases in tuberculosa rates - as much as 200% in the past 4 years. 
10 particularly in impoverished countries with few resources available to control this endemic. 
Yet even western industrialized countries have reported increases in tuberculosis rates of trom 
2 to 14% per year during the past decade (World Health Organization TB Programme, quoted 
in "TB: A Global Emergency." WHO. 1994). These increases, coupled with the emergence ot 
multi-drug-resistant strains, and the recognition that tuberculosis is one HIV-related 
, 5 opportunistic infection which can be readily transmitted to HI V-uninfccted persons, have 

focused the attention of physicians, researchers, and public health workers on issues related to 
tuberculosis control, particularly in terms of development of improved vaccines for 
tuberculosis prevention and improved tests for tuberculosis diagnosis. 

[n the United States, aggressive approaches to tuberculosis control including isolation 
,0 of patients in facilities such as sanitoria and the development of drugs effective aga.nst M 
tuberculosis resulted in a steady decline in the incidence of tuberculosis until about I98x 
when the trend reversed and the reports of new tuberculosis cases began to increase. If the 
trend for the vears 1980-1984 is used to calculate the number of expected cases, the Centers 
for Disease Control and Prevention (CDC) estimated that between .985-1992. approximately 
->5 5 1 000 excess cases have accumulated (D.E. Snider c ul "< Hobal burden of tuberculosis." ,n 
B.R. Bloom (ed.). ^w„ Im , Pathogenesis Pmi^ .on and C ontrol. American Society tor 
Microbiology, Washington. D.C.. 119941, pp. 3-1 h. 

A number of .contributory factors are likely to be responsible for the observed increase 

in tuberculosis cases, including the AIDS pandemic, unm.gration from areas with high 
.0 endemicity of tuberculosis, general deterioration of the health care infrastructure, transmission 
in high-risk environments <«.*.. homeless shelters,, and the increase in the number ot multi- 
drug resistant M. tuberculous strains (Nolte and Metchock. supra, at p. 400). Unless the 
effecuveness and availability of methods and drugs to detect and treat tuberculosis do not 
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subs,a„,,a„y tmprove. i, is expected tha, over 30 million deaihs and 9 „ mi||io „ „ ew ^ 
tuberculosa will occur in the years between ,990-2000 (Snider « a, a, p ,0, 
Although i, ,s the m a,or caus , orgMjsms o , her , tan v/ 

^ with tuberculosa in humans and other anima.s. These onanisms are included in 
> .he "M complex." which includes M. b ovi, u a,Hcanu m . and „ ,„,„„„ a$ 

we,, as ,„*e,„/,,„, W . causes ,ube,cu,osis in c al „e. humans and other primat es 
en.™™ dogs and cats,, swine, parrots, and some birds of pre,. Human disease „' 
v,r,ua„y indistinguishable from that cause by H and is ^ m , 

manner ,Nol,e and Metehock. , upm a, 402). Similarities be.ween U W.v and ,W 
10 tuberculosis led to the development of" the bacillus n fr i ^ . 

t- % , . P aC,HuS ot Calmettc-Guerin (BCG) an attenuated 

rorm or M. bovts. as a vaccine acainst tuberei.lnci* ;„ 

e <nsi tuberculosa in many parts of the world (.<^ e z W K 

o hk „ „. ,ed,,. Zi nsser Micron^ , , 8ln ed .. A PP ,e,on-Cc„,ury Croft, Norwalic CT ' 

, 1 'J' 56 ;' ThC " Uman hea " h Prob '-= «~*«- « W were largelv responsibie 
lor the development of methods lor the nasteurizaiinn „r„ n , 
., "= Pasteurization ol milk and the adoplion of compulsorv 

l> pasteurization in the early „00s <&,, CO. Thoen. "Tuberculosis in w„d and domestic " ' 

mammals,' ,„ B.R. Bloom ,ed, iMfe^Isuia^u^^^ 

American Society for Microbiology. Washington. D.C. [,994,. pages ,57-1,2,. U a lr ,ca„u„, 
has been reported from cases of tuberculosis in tr™;^i a r ■ 

r . . . . uoerculos.s in tropical Afnca. U microti causes generalized 

tuberculosis in voles, and produces local lesions in c„ rh n • , 

les,ons ln such ammals as guinea pigs, rabbits, and 
-0 calves (Nolle and Metchock. supra, at 402). 

Thus. A, tuberculosa ,s not the only respiratory pathogen of ureat pubhc health 
concern, and neither ,s the A, tub.rcuiosts complex. Recent developments ,n the taxonomv 

and study ol the mycobacteria have result^ in 

a nave resulted in recognition ot M. avium complex (MAC) 

organisms as the cause of disseminmeH Hie^- • • 

unc . "laminated disease ,n immunocompromised patients, in particular 

-= AIDS pattents. The two major species associated with MAC are M. avium and M 
m ,rac M ,,are. However, the MAC includes 28 serovars of these two distinc, species 
although three additional serovars of H ,c,o fulacnm „,.. H imracM , lare . M 
s C r„l„ lm complex, were previously included. Within the U tmim spe c,es three 
subspecies have been proposed, based on p „e„o,y P ic and genotypic characteristics ( * „,„„„, 
-•0 subspecies avium. M. avium subspecies naraluberr,,!,,.,. . a , , 

,., r _ , P«ralubLrcuhM S . and M. av,um subspecies silvaikutm 

(M.-F. Thore, „ Numenca, taxonomy of mycobactin-dependen, mycobacteria, emended 
description of M yC a„a^,u m avium, and description of ,,-W»v™ „,„„, subsp „,.,„„, 
subsp. no,. Ki avium subsp. para.uH^is. subsp. nov.. and , lymbaa „,„„, „,,,„„ 5ubsp ' 
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silvaiicum subsp. nov.. int. J. Syst.. Bacteriol.. 40:254-260 [1990]). As additional information 
is gathered on the genetic relationships among the mycobacteria, it is likely that changes will 
occur in the taxonomy of these organisms. 

.V/. avium, an important pathogen of poultry and swine was recognized as a cause of 
5 disease in chickens in the late 1800s. but was not recognized as a cause of human disease 
until 1943 (See. Nolte and Metchock. supra, at 402). M. intracellular is usually associated 
with disease in swine and cattle. In addition to its veterinary significance. MAC is an 
important pathogen of immunocompromised patients, especially those with AIDS. Indeed, 
disseminated MAC infection is the most common opportunistic infection observed late in the 
10 course of HIV disease. It has been reported that the frequency of disease due to MAC rises 
from 3% per year for individuals with CD4 counts of 100-200/ul to 39% at CD4 counts of 
<10/ul (S.D. Nightingale et at.. "Incidence of M. avium intracellular complex bacteremia in 
HIV-positive patients." J. Infect. Dis.. 165:108-25 [1992]). Disease with MAC ,s 
characterized by fever, cachexia, hepatic dysfunction, and anemia. As with infection with M 
,5 mherculosi.s. infection with MAC may promote HIV expression, leading to accelerated HIV 
disease progression. 

Human acquisition of M. avium appears to occur via inhalation or ingestion of fresh 
water in which bacilli are concentrated (K.L. Fry et ai. "Epidemiology of infection by 
nontuberculous mycobacteria. VI. Identification and use of epidemiologic markers for stud.es 
20 of Mycobacterium avium. M. intracellular and M. scrofulaceum." Am. Rev. Respir. Dis.. 

134:39-4311986]). It is hypothesized that local infection is followed by hematogenous spread 
to orcans of the reticuloendothelial system. It is here, in bone marrow and lymph nodes, that 
the number of MAC colony forming units (CFU) ultimately rise to levels several logs higher 
than are present in blood (D. Peterson et ai. "M. avium complex (MAC) disease in H1V- 
infected patients is a uniform infection of bone marrow that does not correlate with the level 
of infection in blood." Natl. Conf. Hum. Retrovir. Rel. Pathogens 2:56 [1995]). The observed 
mycobacteria apparently represents "spillover" of bacilli from these heavily infected organs. 
Alternatively. MAC mycobacteria may occur intermittently, arising from the 
gastrointestinal tract, without inevitably causing tissue infection. 
30 Recently, our understanding of the mycobacteria, including the recently described 

species M. zenaven.se) associated with disseminated disease in HIV-infected individuals, 
as well as the potential pathogens M. asiaiicum. M. haemophilum. M. malmoen.se. M. 
shimoidei. and M. celatum. has greatly increased, largely due to an increased interest in 
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opponunistic pathogens. especta.ly those associated with disease in AIDS patients 
Nonetheless, many problems remain unresolved, and reliable, rapid methods are needed for 
the detection of latent and active mycobacteria! infections, especially in the case cf AIDS 
patients. 

5 

Treatment of Mycobacterial Disease and Infection 

The unique properties of the mycobacterial cell wall, growth rates, and other factors 
have provided avenues as well as detours in our development of methods for detection and 
treatment of mycobacteria, disease. The mycobacteria charactensticaliv have cell walls with - 
1 0 h,gh lip ,d content, including waxes such as myco.ic acid. The properties of this waxv eel, 
wall provide the "acid-fast" nature of the organisms, as once dye ,s taken ,nto the cells thev 
are not easily decolorized, even with acid-alcohol. Thus, unlike most organisms the 
mycobacteria are sa.d to be "acid fast" and are often referred ,o as "acid-fast bacilli" or 
"AFB." 

I 5 The growth rate of the mycobacteria ranges from slow to verv slow, with ueneration 

times ranging from two to 24 hours. Most isolates, including M. n^rcuiosis require lonu 
-ncubation periods (,c, 4-8 weeks for traditional culture methods) under optima, conditions 
for growth to be easily visible in v,„v, Once the organisms from a primarv culture have 
grown. b,ochem,cal and other tests must be done ,n order to provide an identification Th,s is 
-0 an unacceptably long time between sampling and a definitive identification of the organism 
causing disease in a patient. 

The slow growth rate and the pathogenic processes of M. n^rculas, contribute to 
problems encountered in treating tuberculosis patients. As most antimicrobial druus work 
against actively growing cultures, the relatively metabolically inactive mycobacteria enclosed 

2> w,thm relatively impermeable waxy cell walls are generally unaffected by most drugs 
commonly used to combat bacterial disease. 

The first line of drugs used against M. tuberculosis include isomazid (INH). rifampin 
pyrazmam.de. ethambutol. and streptomycin. The second line dru.s include para-amino 
salicylic and. ethionamide, cycloserine, capromycin. kanamycin. amikacin, ciprofloxacin 

30 ofloxacin and rifabutin, it is recommended that patients tnttia.lv be treated with INH 
nfampm. ethambutol. and pyrazmamide for 2 months. Those patients with fu.lv druu- 

susceptible isolates then mav be treated with INH nnH r n\ m »• 

=u w,m jini-1 and rifampin lor an additional four months 

(American Thoracic Society and Centers for Disease Contmi »t . . .. 

uiseasc Lontroi. Treatment ol tuberculosis and 
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adults and children." Am. Rev. Respir. Dis.. 134:355-363 [1986]). Patients with isolates 
resistant to either INH or rifampin must be treated with alternative regimens for longer 
duration. In all cases, successful treatment of patients must continue long after acid-fast 
bacilli are no longer detected in sputum samples. 
5 Drug resistant M. tuberculosis sfains of have become a serious concern worldwide. In 

: f nationwide survey of drug resistance among tuberculosis cases reported during the 
first quarter of 1^1. it was found that 14.9% had isolates that were resistant to at least one 
anti-tuberculo; ' and 3.3% had isolates resistant to both INH and rifampin (Centers for 

Disease Co run. mal MDR-TB Task Force, national action plan to combat multidrug- 

! 0 resistant tuberc, >rbid. Mortal. Wkly. Rept. 4 1 : 1 -48 f 1 992]). This is of grave 

concern, as INh lir » are the most effective drugs in our arsenal against M. 

tuberculosis. 

For MAC. the concerns are potentially even more significant. Strains of MAC have 
been reported to be intrinsically resistant to anti-tubcrculosis drugs and many other 
1 5 antimicrobials due to failure of these drugs to penetrate the lipid-rich cell wall (N. Rastog.i el 
ai. "Enhancement of drug susceptibility of Mycobacterium avium by inhibitors ot cell 
envelope synthesis." Antimicrob. Agents Chemother.. 34:759-764 [1990|; and N. Rastogi el 
ai. "Simplified acetylcysteine-alkali digestion-decontamination procedure for isolation ot 
mycobacteria from clinical specimens." J. Clin. Microbiol.. 25:1428-1438 11987]). Indeed. 
20 optimal regimens for treatment of either chronic pulmonary disease or disseminated MAC 
infections in AIDS patients have not been defined. In addition, no therapeutic regimen has 
been shown to be of sustained clinical benefit for patients with disseminated MAC (Nolle and 
Metchock. supra, at p. 428). It is recommended that patients with HIV and - 100 CD4 cells 
be given prophylaxis against MAC that is to be continued for the patient's life, unless multi- 
25 drug therapy becomes necessary due to disseminated disease (Centers for Disease Control. 
"Recommendations on prophylaxis and therapy for disseminated Mycobacterium avium 
complex for adults and adolescents infected with human immunodeficiency virus." Morbid. 
Mortal. Wkly Rept.. 42(R£): 14-20 [1993]). Preventive therapy lor MAC can be problematic 
because of interactions with other drugs commonly used in HIV infection, particularly the 
30 new protease inhibitors. Although no optimal treatment regimen has been defined for 

disseminated MAC. the U.S. Public Health Service Task Force on Prophylaxis and Therapy 
for MAC recommends that treatment continued for the lifetime of the patient, even if 
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improvement is noted: this treatment should include at least twn h u 

i u l ... "«tiuae at least two chemotherapeut c agents nn P 

of wh.ch should be azithromycin or clarithromycin. 

The situation is even norpnriniii. , 

potcnt.allv more grim lf other Mycohaclernm 

assoctated w.th disease in a patient, as almost all of the strains of th. - v, 
- tuc Mr ains or the rapid Grower" a * ;« 

• vara growth may be observed in as few a two davs) A/,,„A , 

dlw °aays) Mycobacterium species (/> -1/ 
e*W,. lor, ilu ,„. efaem(t , etc, are resistant IO , hc am ,, ubercu , osis ^ 
ropMacuc ,rea, m e„, or imm u„ocom pr omtsed paiems , J . 

^nden, upon , h e resu.ts of a„„„, ic robia, suscep , ibi|i|> . ^ ^ ^ ^J" 

10 Detection of Mycobacterial Disease and Infection 

The fie,d of dia S nos,,c and clinica, microbi o,o ey „ as 
-~ rematns . g£ncral need for sys[ems , ha[ prov|de rapM ^ d - 

and ,n ec,, 0 „ du e „ ^ ^ ^ 

Cn.ca. my cobac,er,o, (>ey iaboratortes cann0 , ^ wie ,_ d ,„ ^ 
'> - r,b unons m comrollm6 , hc spread of tubercuiosjs ^ _ ~ 

: iir;r ■ ': n - idcn,ifa "° n ' - — - j 

I,r s. „ d dru 8 suscep„»i,i, y resuits ,o ph y s,cia„s. prompted m , ar „e par , , 0 „, e emerce „ ce 
o, mu „,. d ru y reslstam strams of M mbercuiosis (No|[e Md ™ 

-0 T,a ,„o„a,, , ubc rcu,osis ^ ^ ^ f ^ $ 

a ,ests : : pos,,ives ^ ^ — - — — ,, mmm ^ 

r :;, and spu,ura cu " ures o,hsr ^ - *— ~— » 

■ c a r; " mC ' UdinS b ' 00d ' b ™ Ch -'— , luid . hronchia, washing 

^ , u.ds. ur ,„c. body tluids (c . fi . cerebrosp|na , (cs peritoneal ' ' 

- pertcard.a etc,. „ ssues ( ,,. , ymph n0(jes skin ^ ^ ■ 

asp.rated flu.ds. skin lesions, and wounds. 

In contrast to the situation with tuberculosi, ki„„j , 

luoerculosts. blood cultures are often used tor ih<- 

TT f '° m — — , y *~ with A , DS ivc 

. CU " UreS " - *-y, assorted w„ h Cin.ca, ev.dence „r ,i sue 

-0 tntectton. ,„,ch , yp ica„ y can invoive the bone .arrow. ,i ve , or , ymph nodes a ,1 

— co mP .e, i„,e„o„ : cli „, ca , idemjfica , ion J' k 
p dc m ,o,o e ,c trends." , Infec , 65:577 . 580 „ 992| „ ^ ^ rf 

",.d,n 8 s ■„ MDS p a ,ie„,s with U ^ co mp ,e. bacteretnia, , ,„ ( ec,. Dis .. 170 , 0| . 5 
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f ,9941). Thus, detection of MAC in tissue samples provides useful information on a patient's 
status. However, cuituring of blood remains the most commonly used method for diagnosis 
of MAC infection, primarily because of the requirement for an invasive procedure to sample 
infected tissues. 

Culture Methods. Once a specimen has been received in the laboratory suspected of 
containing mycobacteria. - will generally be stained and examined for the 

presence of AFB. Sputum ano rty" specimens are decontaminated and concentrated 

prior to staining and cuituring. Spe,. .s are inoculated onto either solid egg-based media 
,0 {i e Lowenstem-Jensen agar), or liquid medium, in which growth is more rapid. Vanous 
commercial growth media systems and methods are available for detection of mycobacteria, 
including BACTEC (Becton-Dickinson Diagnostic Instrument Systems!. Septi-Chek (Becton- 
Dickmson Microbiology Systems), and the Isolator system ( Wampole). Automated detection 
methods (e « . those based on production of radiolabeled CO, turbidity or light) have been 
, S developed to identify cultures with microbial growth. However, growth of M. tuberculosa 
and other mycobacteria, species must be confirmed by other methods. Methods presently 
accepted for detection and identification of are described in great detail in various publications 
(see N. Master (section editor) Section 3. •'Mycobactenology." m H.F.. Isenberg (editor 
in chie f). C!L" ; -' Mirmhiolouv Procedure s Handbook, volume 1. 3.0.1-3.16.4 [1994]). 

20 

immunological Methods. Methods for diagnosis of tuberculosis based on 
immunolouic methods such as detection of delayed type hypersensitivity (DTH) skin 
responses, as well as the detection of anti-mycobactena ant.bod.es. or mycobacteria, antigens 
have been studied. Historically, skin tests have been commonly used as indicators ot 
, 5 infection with M tuberculosis. The tuberculin skin test, still commonly in use. was the Itrst 
immunodiagnostic test developed for detection of tuberculosis. Problems w.th this test 
include its inability to distinguish active disease from past sensitization, as well as its 

unknown predictive accuracy (D. Snider. 'The tuberculin skin test." An, Rev. Resp. Dis.. 

P5(Suppl V 108-118 [1982]). Even among healthy skin test reactors, the test cannot 
30 distinuutsh those individuals with continued latent infection (in whom there is a continued risk 
of developing active disease) from those in whom a protective immune response has 
eradicated that infection. In vitro tests to determine the cell-mediated responses to 
mvcobacterial antigens have also been described. However, they are expensive, technically 
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demanding to perform and interpret, and provide no additional data than are available from 
skin testing (See e.fz.. Nolte and Metchock. supra, at p.. 426). 

Despite the fact that much effort has been devoted to development of serological tests 
tor tuberculosis, these methods have not found widespread clinical use (E. Bardana 

5 "Universal occurrence of antibodies to tubercle bacilli in sera from non-tuberculous and 
tuberculous individuals." din. Exp. Immunol.. 13:65-77 [1973]: and T.M. Daniel and S M 
Debanne. "The serodiagnosis of tuberculosis and other mycobacterial disease bv enzyme- 
Imked immunosorbent assay." Am. Rev. Resp. D,s.. 158:678-680 [1987]) Nonetheless 
perhaps because antibody detection methods are commonly used in the diaanosis of infectious 

0 disease, assay methods based on anti-mycobacteria. antibody detection have been investigated. 

Antibody Dctect.cn. Several studies have focused on methods to determine the ami- 
mycobacteria, antibody level in patients' sera. These studies have used a var.ctv of antiaen 
preparations, including crude extracts, purified native antigens, and recombinant proteins" 
> Immunoassays, including ELISAs and radioimmunoassays (RJA) have been used in manv of 
these studies ,See e.,.. E.G. Wilkins a aL "A Rapid. Simple Enzyme Immunoassay for' 
Detection of Antibody to Individual Epitopes in the Serodiagnosis of Tuberculosis " Eur J 
Cm. Microbiol. Infect. Dis.. 10: 559-563 [199.]: R.G. Benjamin « aL "Serodiaunosis of 
Tuberculosis Using the Enzyme-Linked Immunoabsorbent Assay (ELISA) of Antibody to 
) Mycobacterium <ub.rculo.sts Antigen 5' V Amer. Rev. Respir. Dis.. 126:1013-1016 [1982]): 
R. Maes et aL "Development of an Enzyme Immunoassay for the Serodiagnostic of 
Tuberculosis and Mycobacterioses." Med. Microbiol. Immunol.. 178: 323-335 [1989])- S B 
Kalish */ at.. "Use of an Enzyme-Linked Immunosorbent Assay Technique in the Differential 
D.agnos.s of Active Pulmonary Tuberculosis in Humans." J. Infect. Dis.. 147. 523-S 30 
[1983]): E. Nassau et aL "The Detection of Antibodies to Mycobacterium tuberculosis bv 
Microplate Enzyme-Linked Immunosorbent Assay (ELISA)." Tubercle. 57: .67-70 [1976]: , 
F.L. Garcia-Carreno. "Enzyme Immunoassay Using BCG in Serodiaunosis of Pulmonary 
Tuberculosis." J. Hyg.. 97: 483-487 f ,986]; R. Hernandez et al. "Sensitive Enzvme 
Immunoassay for Early Diagnosis of Tuberculous Meningitis." J. Clin. Microbiol 
11984]: J.A. McDonough at aL "Microplate and Dot Immunoassays for the Serodiaunosis of 
Tuberculosis." J. Lab Clin. Med.. 120:3.8-322 [1992]; E. Sada et uL "An ELISA for the 
Serodiagnosis of Tuberculosis Using a 30.00-Da Native Antigen of Mycobacterium 
ntbarculosisr J. Infect. Dis.. 162:928-93. [1990]: A. Matha, « aL "Rapid Diaenosis of 
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Tuberculous Meningitis with a Dot Enzyme Immunoassay to Detect Antibody in 
Cerebrospinal Fluid." Eur. J. Clin. Microbiol. Infect. Dis.. 10:440-443 [1991]: M. Turneer et 
ai. "Humoral Immune Response in Human Tuberculosis: Immunoglobulins G. A. and M 
Directed against the Purified P32 Protein Antigen of Mycobacterium bovis Bacillus Calmettc- 
5 Guerin." J. Clin. Microbiol.. 26: 1714-1719 [1988]; N.K.. kaushik et ai. "Serodiagnostic 
Efficiency of Phospholipid Associated Protein of Mycobacterium tuberculosis H,,Rv." Med. 
Microbiol. Immunol.. 182:317-327 [19931; D. Kumar et ai. "Identification of a 25-K.lodalton 
Protein of Mycobacterium bovis BCG to Distinguish BCG Strains from Mycobacterium 
tuberculosis." J. Clin. Microbiol.. 34: 224-226 [19961; Chandramuki et ai "Levels of 
10 Antibody to Defined Antigens of Mycobacterium tuberculosis in Tuberculous Meningitis." J. 
Clin. Microbiol.. 27: 821-825 [1989]; K..A. Near et ai. "Use of Serum Antibody and 
Lysozyme Levels for Diagnosis of Leprosy and Tuberculosis." ./ Clin. Microbiol . 30: 1 105- 
11 10 [1992]; and H. Mioner et ai. "Diagnosis of Tuberculous Meningitis: A Comparative 
Analysis of 3 Immunoassays. An Immune Complex Assay and the Polymerase Chain 
15 Reaction." Tubercle Lung Dis.. 76: 381-386 |1995]. 

Although as listed above, numerous researchers have attempted to develop 
immunodiagnostic systems based on detection of antibody directed against mycobacterial 
antigens, no antibody tests have been accepted or sufficiently developed for routine diagnosis 
of tuberculosis. This is in large part due to the fact that the specificities of tests that use 
20 crude antigens are too low to be useful clinically. In addition, not all patients respond to the 
same mycobacterial antigens: any increased specificity achieved by using purified antigens is 
compromised by a concomitant decrease in sensitivity (See c.^. P-S. Jacket! et ai. 
"Specificity of Antibodies to Immunodominant Mycobacterial Antigens in Pulmonary 
Tuberculosis." J. Clin.Microbiol.. 26: 2313-2318 [1988]). Lastly, immune responses are 
25 inadequate in immunocompromised hosts who are at greatest risk of developing tuberculosa. 
In order to avoid the problems associated with detecting host immune response, detection 
methods for mycobacterial antigens themselves have been investigated. 



Antigen Detection. Detection of microbial antigens in fluids remote from the site of 
30 infection has been applied to diagnosis and monitoring of therapy for several infectious 
diseases other than tuberculosis, including cryptococcosis, histoplasmosis, and. on an 
experimental basis, leprosy. The type of antigen and the optimal strategy for testing varies 
according to the illness, in the case of cryptocococcis. a polysaccharide capsular antigen can 
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be detected in cerebrospinal fluid and blood using a simple latex agglutination test (A. A. Gal 
ct ai. "The clinical laboratory evaluation of cryptococcal infections in the acquired 
immunodeficiency syndrome." Diagn. Microbiol. Infect. Dis.. 7:249-54 [1987p. In 
disseminated histoplasmosis, a heat stable polysaccharide antigen may be detected in blood. 
CSF. and urine by radioimmunoassay (L.J. Wheat et ai. "Diagnosis of disseminated 
histoplasmosis by detection of Histoplasma capsulmum antigen in serum and urine 
specimens." N. Engl. J. Med.. 314:83-8 [1986]). In leprosy, serum levels of M. leprae 
phenolic glycolipid 1 correlate with bacillary load at diagnosis and during therapy, ranginu 
from 12 ng/ml in paucibacillary patients to as high as 8000 ng/ml in multibacillary patients 
(D.B. Young et ai. "Detection of phenolic glycolipid I in sera from patients with lepromatous 
leprosy." J. Infect. Dis.. 152:1078-81 f 1 9851). However, the successes with these organisms 
have not been mirrored in diagnosis of tuberculosis and MAC disease, with the exception of 
one report for MAC. described below. 



Detection of Mycobacterial Antigens. Previous reports of antigen detection assays 
for rapid diagnosis of tuberculosis have been limited to examination of fluids obtained from 
the site of clinical disease, such as cerebrospinal fluid, sputum, or bronchoalveolar lavage 
fluid (E. Sada et ai. "Detection of mycobacterial antigens in cerebrospinal fluid of patients 
with tuberculous meningitis by enzyme-linked immunosorbent assay." Lancet 2:651-2 [1983]: 
I.O. al Orainey et ai. "Detection of mycobacterial antigens in sputum by an enzvme 
immunoassay." Eur. J. Clin. Microbiol. Infect. Dis.. 11:58-61 [I992|: R. Kansal et ai. ~ 
"Detection of mannophosphoinositide antigens in sputum of tuberculosis patients bv dot 
enzyme immunoassay." Med. Microbiol. Immunol. Bcrl.. 180:73-8 [1991 J: M.A. Yanez et ai. 
"Determination of mycobacterial antigens in sputum by enzyme immunoassay." J. Clin. 
Microbiol.. 23:822-5 [1986]: G.V. Kadival et ai. "Radioimmunoassay of tuberculous antigen." 
Indian J. Med. Res.. 75:765-70 [1982], A. Chandramuk. c ai . "Detection of mycobacterial 
antigen and antibodies in the cerebrospinal fluid of patients wnh tuberculous meningitis." J. 
Med. Microbiol..20: 239-247 [19851: C.L. Cambiaso e, a!. "Immunological detection of 
mycobacterial antigens in infected fluids, cells and tissue* h> latex agglutination - Animal 
model and clinical application." J. Immunol. Meth.. I :«> »-}4 (1990]). A number of other 
antigen assays have also been described (See e.g., TM. Daniel. "Rapid diagnosis of 
tuberculosis: Laboratory techniques applicable in developing countries." Rev. Infect. Dis.. 
2(Supplement 2): S471-S478 ([1989]). 
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in other studies, the infected tluids were placed in liquid culture for a short period, 
and mycobacterial products were detected in the culture medium (A. Raja et al., "Specific 
detection of Mycobacterium tuberculosis in radiometric cultures by using an immunoassay for 
antigen 5." J. Infect. Dis.. 158:468-70 [1988]; A. Raja et al.. "The detection by immunoassay 
5 of antibody to mycobacterial antigens and mycobacterial antigens in bronchoalvcolar lavage 
fluid from patients with tuberculosis and control subjects." Chest 94: 133-137 [1988]: R. 
Schoningh R et al.. "Enzyme immunoassay for identification of heat-killed mycobacteria 
belonging to the Mycobacterium tuberculosis and Mycobacterium avium complexes and 
derived from early cultures," J. Clin. Microbiol., 28:708-13 [1990]; A. Drowart et al.. 
10 "Detection of mycobacterial antigens present in short-term culture media using particle 

counting immunoassay." Am. Rev. Respir. Dis., 147:1401-6 [1993]). The detection threshold 
of these assays ranged from 1 ng to I jig/ml. All used a polyclonal antiserum rather than 
monoclonal antibody for capture; several used the same serum for both capture and detection. 
In none of these reports were fluids remote from the site of infection studied, and in none 
15 could the assay identify subjects with latent infection. 

M tuberculosis Antigens. In contrast to the situation with many bacteria, the antigens 
of M. tuherculosis are a remarkably complex mixture of proteins, polysaccharides, and lipids. 
The polysaccharide antigens share antigenic cross-reactivity with NocarJia. the corynebacteria. 
and staphylococci, and generally do not elicit delayed type hypersensitivity (DTH) (Y. 
20 Yamamura et al., "Biology of the mycobacterioses. Chemical and immunological studies on 
peptides and polysaccharides from tubercle bacilli." Ann. NY Acad. ScL 154:88-97 [l%8j: 
and S.D. Chaparas et al.. "Comparison of lymphocyte transformation, inhibition of 
macrophage migration and skin tests using dialyzable and nondialyzable tuberculin fractions 
from Mycobacterium hovis (BCG)/' J. Immunol.. 107:14^-53 [1971]). However, the protein 
25 antigens of the Mycobacterium elicit a DTH response, and stimulate lymphocyte blastogenic 
responses in both sensitized humans and guinea pigs (I.. I Atlronti et al.. "Some early 
investigations of Mycobacterium tuberculosis Am. Rev Respir. Dis.. 92:1-8 [1995]); T.M. 
Daniel et_aL "Reactivity of purified proteins and polysaccharides from Mycobacterium 
tuberculosis in delayed skin test and cultured iymphocwe miiogenesis assays." Infect, lmmum. 
30 9:44-7 [1974|; and S.D. Chaparas et al. "Tuberculin-ucu\ e carbohydrate that induces 

inhibition of macrophage migration but not lymphoewe transformation." Science 170:637-9 
[1970]). 
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The antigenic repertoire of M. tuberculosis includes some proteins which are also 
found imracellularly. and some which appear uniquely as secreted proteins. As the technology 
to define these antigens has improved, their number has grown, in 1971. 1 I antigens could be 
identified by immunoprecipitaiion in culture filtrate (the spent medium of cultures of .1/ 
5 tuberculosis after the bacilli have been removed by filtration (B.W. Janicki et ai. "A 
reference system for antigens of Mycobacterium tuberculosis:' Am. Rev. Respir. Dis.. 
104:602-4 [1971]). Antigen 5 (a 38 kD protein), and antigen 6 (a 30-32 kD prote.n later 
termed alpha antigen. BCG 85B. and MPT59). were prominent, and appeared to have some 
antigenic determinants which were restricted to M. tuberculosis (T.M. Daniel et ai. 
10 "Immunobiology and species distribution of Mycobacterium tuberculosis antigen 5." Infect. 
Immun.. 24:77-82 [1979]: T.M. Daniel et ai. "Demonstration of a shared epitope among 
mycobacterial antigens using a monoclonal antibody." Clin. Exp. Immunol.. 60:249-58 [1985]: 
and T.M. Daniel „ „/.. "Specificity Mycobacterium tuberculosis antigen 5 determmed with 
mouse monoclonal antibodies." Infect. Immun.. 45:52-5 [1984]). A decade later. Closs and 
1 5 colleagues identified as many as 50 distinct antigens using a system of crossed 

Immunoelectrophoresis (O. Closs et ai. "The antigens of Mycobacterium hovis, strain BCG. 
studied by crossed immunoelectrophoresis: a reference system." Scand. J. Immunol.. 12:249- 
63 [1980J). The use of 2-D gel electrophoresis has increased this number to greater than 100. 
This growing number of potential antigens has presented a challenge in the development of 
20 diagnostic and treatment systems. 

MAC Antigens. In contrast to these reports in which only infected fluids were 
studied, a method was reported for detection of a MAC protein antigen in urine of AIDS 
patients with disseminated MAC infection (A. A. Sippola et ai. "Mycobacterium avium 
antigenuria in patients with AIDS and disseminated M. avium disease." J. Infect. Dis.. 

25 168:466-8 [1993]). This assay utilized a goat antiserum ("K-II") which had been developed by 
immunization with M. intracellular, and which primarily recognized a 22.5 kD antigen of 
M. intracellular. M. avium and M. scrofulaceum. but not M. tuberculosis. Antigenuria was 
detected in clinical specimens using an assay in which supported nitrocellulose strips were 
dipped into voided urine samples, which were then probed with the antiserum. Antigenuria 

30 was detected. in 7/1 1 patients with M. «v/^-complex disease, and in 16/100 HIV- controls. 
Two of the apparent false positive controls were subsequently found to have disseminated 
M. avium infection. 
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Although this assay format was initially appealing in terms of its simplicity, it has 
several major shortcomings, including: the use of supported nitrocellulose strips hinders 
uniform washing of multiple samples; the binding of the target antigen to the paper is non- 
specific; the assay cannot be used to detect nonprotein antigens, as their binding to the paper 

5 may not be adequate. Also, the specificity of the assay is entirely determined by that of the 
antiserum. It is therefore critical that the serum not cross-react with human proteins or 
antigens of other pathogens, an unrealistic expectation for this assay. Therefore, the 
advantages of these researchers' assay may be outweighed by its disadvantages and/or be 
inadequate to offer clinicians a substantial advantage when compared to the use of blood 

10 cultures for detection of mycobacteria. 

Effect of HIV Infection on Diagnosis of Mycobacterial Disease 

HIV infection alters the manifestations of tuberculosis, particularly in those patients 
with advanced HIV disease, in whom half have mycobacteremia and more than 75% have 

15 lymph node, hepatic, or bone marrow involvement, particularly those with low CD4 counts 
(B.E. Jones et ai, "Relationship of the manifestations of tuberculosis to CD4 cell counts in 
patients with human immunodeficiency virus infection." Am. Rev. Respir. Dis.. 148:1292- 
1297 [1993]; G.L Santos ct ai. "Liver disease in patients with human immunodeficiency virus 
infection. Study of 100 biopsies," Rev. Clin. Esp., 193:115-8 [1993]; A.D. Pithie ci ai. 

20 "Fine-needle extrathoracic lymph-node aspiration in HI V-associated sputum-negative 

tuberculosis." Lancet 340:1504*5 [1992]: and P.F. Barnes cf ai, "Tuberculosis in the 1990s." 
Ann. Intern. Med.. 119:400-10 [1993]. 

However. HIV infection is accompanied by less radiographic evidence of pulmonary 
disease, fewer lung zones with cavitation, and reduced numbers of mycobacterial colony- 

25 forming units in sputum (R.J. Brindle a ai. "Quantitative bacillary response to treatment in 
HI V-associated pulmonary tuberculosis." Am. Rev. Respir. Dis.. 147:958-61 [1993]). Thus, 
the likelihood of diagnosis based on expectorated sputum is reduced in HI V-associated 
tuberculosis, even though the total mycobacterial burden may be greater. This has led to the 
necessity of increased evaluation of specimens other than sputum, particularly tissues such as 

30 pleura, liver, and bone marrow. Patients with miliary or disseminated tuberculosis, particularly 
those with HIV infection, often require multiple biopsies prior to initiation of therapy. 

Again, despite the large number of studies, no antigen detection method has been 
developed to date which provides reliable, highly specific, and highly sensitive results. 
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especially for "dirty" samples such as sputum (See e.g.. j.M. Grange. "The rapid diagnosis of 
paucibacillary tuberculosis." Tubercle. 70:1-4 [1989]: and Nolte and Metchock. supra, at p 
426). 

Importantly, serodiagnoslic tests for tuberculosis, although potentially simple and 
inexpensive, have been especially hampered by poor sensitivity in HIV-infected persons in 
whom antibody responses are diminished (T.M. Daniel el al.. "Reduced sensitivity of 
tuberculosis serodiagnosis in patients with AIDS in Uganda." Tuber. Lung Dis.. 75:33-7 
110941). This is important because the patient populations that are dually infected with HIV 
and M. tuberculosis is at greatest risk for developing active tuberculosis (M.E. Villarino et al. 
"Management of persons exposed to multidrug-resistant tuberculosis." Morb. Mort. Wkly. 
Rep.. 4KRR-1 1):61-71 [1992]). 

Diagnosis of latent infection with M. tuberculosis 

Identification of individuals with latent M. tuberculosis infection is a problem which 
cannot be addressed by current methods. The natural history of M. tuberculosis infection is 
such that only 5-10% of individuals who are otherwise healthy will ever develop tuberculosis. 
As mentioned above, the risk of tuberculosis is highest in the first year following infection, 
but tuberculosis can occur as long as 50 years later. Thus, the infection clearly is contained 
but not eradicated in many infected but healthy individuals. Presently, there is no reliable 
method to distinguish between individuals who are latently infected and those whose 
infections have been eradicated by a protective immune response. Both groups have positive 
skin tests with purified protein derivative (PPD). as the longevity of a positive skin lest can 
reflect immunologic memory as well as persistent latent infection. 

The presence of immunosuppressive concurrent illnesses increases the likelihood of 
recrudescent disease in tuberculosis-infected persons. This is most strongly expressed in HIV- 
co-infected persons, in whom the risk of re-activation of tuberculosis may be increased from 
10 to 100 fold. Indeed. HIV has emerged as the most significant risk factor for the ■ 
progression of latent tuberculosis to active disease (Snider et al.. at p. 5: Selwyn et al.. "A 
prospective study of the risk of tuberculosis among intravenous drug abusers with human 
immunodeficiency virus infection." N. Eng. J. Med.. 320:545-550 [1989]). However, skin 
testing becomes increasingly unreliable as an indicator of M. tuberculosis infection as the CD4 
count declines. It thus remains difficult to efficiently target those individuals who would 
benefit most from preventive therapy. 
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Yet. identification of latently-infected persons is desirable for initiation of tuberculosis 
preventive therapy. Although such therapy (daily doses of INH for nine months) can be 
administered to all skin test positive individuals, such therapy obviously would only benefit 
those subjects who ultimately would have developed tuberculosis. Thus at least 10 -20 

5 subjects must be treated to prevent one case of tuberculosis. The other 9-19 treated subjects 
are subjected to risks associated with INH {e.g.. hepatitis, neuropathy) without any potential 
benefit. This problem is compounded by the present inability to monitor the effectiveness of 
preventive therapy. Some individuals will fail preventive therapy because of poor compliance 
with long-term administration of INH. Others will fail because they were infected with an 

10 INH-resistant isolate. At present, there is no method to determine whether preventive therapy 
has been successful in completely eradicating latent infection with A/, tuberculosis. 

In sum. there is no entirely satisfactory method for diagnosis either active tuberculosis 
or latent mycobacterial infection. Direct examination of sputum or infected tissues is 
insufficiently sensitive {See e.g., L.B. Ileifets and R.C. Good. "Current laboratory methods for 

15 the diagnosis of tuberculosis." in B.R. Bloom (ed.) Tuberculosis: Pathogenesis. Protection 
and Control . American Society for Microbiology, Washington. D.C. [1994]. pages 85-1 10). 
Traditional methods, including cultivation of the organism require the time and facilities for 
prolonged incubation. Assays based on DNA amplification are expensive and technically 
demanding, and may not be applicable for routine use in clinical laboratories outside of major 

20 medical centers in industrialized countries. The development of a simple, rapid, diagnostic 
test which does not rely on the growth of organisms in vitro, but that is capable of identifying 
individuals with latent, subclinical M. tuberculosis infection, and which might predict die 
likelihood of subsequent relapse, would be of tremendous value for tuberculosis control 
programs worldwide. 

25 

Monitoring of Therapy 

Many factors can adversely affect the response to anti-tuberculous therapy. These 
include primary drug resistance, patient non-compliance, malabsorption, adverse interactions 
with other medications, and other host factors. Inadequate treatment can lead to emergence of 
30 secondary drug resistance due to selective pressures on mycobacterial growth. In order to 

assess a patient's response to anti-tuberculosis therapy, patients must be monitored throughout 
their treatment regimen. 
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However, sputum cultures and AFB smears return to negative slowiv dunn, therapy 
such that the proportion of samples which become negative are tvpicailv onlv 40% a, I 
month. 80% at 2 month, and 90-95% at 3 months. Chest radioes also improve slowly 
and may no, significantly improve until 3 months of treatment. ., thus is difficult to identify 
> promptly those patients who ultimately will fail any given tuberculosis treatment regimen. ' 
Better early indicators of success or failure clearly are needed. 

Mitchison has suggested that the early bactericidal activity of anti-tuberculosis 
regimens, as determined by quantitative sputum cultures. might predict the overall 
effectiveness of a treatment regimen (S.L. Chan e , ai. 'The early bactericidal activ.tv of 
1 0 rifabutin measured by sputum viable counts in Hong Kong patients with pulmonary 

tuberculosa" Tubercle ,992:33-8 [1992]; and A.J. Jmdani el ai. "The Earlv Bactericidal 
Activity of Drugs in Patients with Pulmonary Tuberculosis." Am. Rev. Respir. Dis.. 121 939- 
49 [1980]). He observed approximately a lO^ drop in the number of viable .1/. .ubcrculosis 
baclli during the firs. 2 weeks of effective multi-drug therapy, and noted lesser reductions 
I > w,th .ess effective regimens. He suggested that new drugs for tuberculosis mieht be evaluated 
m short term studies (1-2 weeks) using quantitative culture as an endpoint. However, this 
approach has not been widely accepted, largely because of difficulties of performing the assav 
in a standardized fashion, particularly with regard to homogenization of non-uniform sputum" 
specimens. This lack of standardization precludes the use of this method in the clinical 
20 setting. 

Problems also exist in monitoring therapy for MAC infection m AIDS patients throuuh 
serial blood cultures. An autopsy series of 44 patterns with MAC bacteremia found that 13 ~ 
(30%, had no histologic evidence of MAC disease (F.J. Tornani a ai. "Autopsy Undines in 
AIDS patients with M. avium complex bacteremia." J. infect. Dis.. I 70:1601-5 1 1994]). 

25 suggesting that transient bloodstream infection may occur and may be self-limited. 

Conversely, other patients have only transiently or intermittently positive blood cultures in the 
face of high tissue burdens of mycobacteria (C.A. Kemper a, ai. "Transient bacteremia due to 
M. avium complex in patients with AIDS." J. Infect. Dis.. 170:488-93 [1994]). These 
observations suggest that sustained mycobacteria may be a late event in the natural historv 

30 or MAC infection, and that blood culture is not an adequate diagnostic or monitorinu too. 
when used alone. However, access to the main site of infection (bone marrow, lymph node 
or liver) requires an invasive diagnostic procedure which is not usually undertaken without 
pnor attempts at diagnosis by non-invasive measures. These combined factors often lead to a 
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delay in diagnosis and initiation of therapy, and make it difficult to evaluate the response to 
therapy. 

In sum, despite advances in the detection of M. tuberculosis and other mycobacteria, 
the need remains for a safe, reliable, easy-to-use system for the detection of infection with 
5 these organisms, as well as means for monitoring patients with disease or infection. In 

particular, there is an urgent need for useful methods to use samples such as urine and other 
fluids for the detection of infection and disease with Mycobacterium species. 

SUMMARY OF THE INVENTION 

10 The present invention provides a rapid method for the detection of disease and 

infection due to the mycobacteria, in particular M. tuberculosis, as well as MAC. The preseni 
invention is intended for detection of pulmonary mycobacterial disease or infection, and 
disseminated mycobacteria] disease, as well as localized infection with mycobacteria at sites 
other than the pulmonary area. 
15 Jhe present invention provides kits for the detection of Mycobacterium in a test 

sample, comprising: a) a solid support; and b) a monoclonal antibody directed against a 
portion of alpha antigen immobilized on the solid support. In one embodiment, the kit further 
comprises a primary antibody, while in another embodiment the kit comprises a reporter 
antibody, in yet another embodiment the kit further comprises an amplifier system. It is also 
20 contemplated that the kit of the present invention comprise a primary antibody and reporter 
antibody, as well as an amplifier system. In a particularly preferred embodiment, the 
Mycobacterium species detected is Mycobacterium tuberculosis. In an alternative embodiment 
the Mycobacterium species detected is Mycobacterium avium. 

It is also contemplated that the kit of the present invention will include additional 
25 components, including, but not limited to. such items as an alpha antigen control, a diluent 
such as saline or water, as well as a plurality of alpha antigen samples with known 
concentrations of alpha antigen suitable for use in preparing a standard curve(s) tor the 
determination of antigen concentration in the test (i.e., patient) samples. Furthermore, in kits 
in which biotinylated antibodies are used, in one preferred embodiment, the primary antibody 
30 is preadsorbed with an avidin compound {i.e.. strepavidin) coupled to biotinylated capture 
antibody, prior to use in the kit. It is further contemplated that the kit of the present 
invention comprise methods for analyzing samples using blots, including but not limited to 
Western blots. These blotting kits may include additional reagents such as those listed above. 
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as we,, as reagents, includ.ng bu, „„, l.mi.cd t0 . Mh as pap „ ^ for ^ ^ 

used, and blocking solution. w ' 

I. is also contemplated that ,he anubodtes of the ki, of, he present invention be 
prepared through the use of synthetic peptides as immunogens. In this embodimen,. svn.hetic 
> pept.des of know,, sequence are used ,o induce ,he production of a, ,eas, one of , be anybodies 
used ,„ ,he ki,. „ is al so contemplated ,ha, .he synthetic pepttdes be used as an .mmunocen 
wh,.e ,hey are s,i„ a,,ac„ed ,o ,he beads used ,o prepare ,hem. Thus. ,he presen, invention 
e„con,passes antigens of mycobacter.a ,ha, are na.urallv occumng and harves.ed fro,,, samples 
such as spu,u„, urine or blood sampies. as wel, as mycobactena, an,i e e„s ,ha, are produced 
10 synthetically for use in ,hc production of anybodies for use ,„ ,he k„. „ , s als0 con.empiated 
<l,a, ,„ese sy„,he„c pcp.ides be used as antigens in ,„e k i, ,„ , prelirred embodimem ^ 
symheuc pep,ides correspond ,o ,he alpha anngen of W. or MAC Thus ,he 

sequences of SRQ ID NOS:,-8 may be used i„ ,be form of synthetic peptides for use in „,e 
prese,,, mven.ion. ,, is a.so contemplated ,ha, .mmune compiexes w,l, be ,es,ed us.nu ,he ki, 
I > o, ,he presen, inven.ion. In ,his embodiment ,he immune complexes may be .rcated'us™ 
meihods known in ,hc an ,o dissocrate antibodies from antigens. 

I. is also contemplated that the samples ,es,ed using Ihe ki, of the presen, invention 
will be „b,a„,ed from individuals infected with one or more types of the human 
.mmunodeflciency virus. I, is also contemplated tha, the k,« will be used for monitoring ,he 
0 progression of therapy in individuals infected with Myco^aen^ i„ particular M 

»^ U /,..,/.v and/or MAC. I, is further contemplated tha, ,l,e ki, will be used wi,h samples 
.rom pa„c„,s who arc infected w„h .« ,„W„W, as determined bv skin test oositivi.v 
ches, rad,ograpl, pos.nvity. and/or sputum cultures containing M ,„/, tTC „,„.„;, 

The present invention also provides methods for the detection of Wvctto-,,,,,, ,„ a 
> sample comprising: a, providing: ,) a sample suspected of containing a. leas, a portion of the 
alpha antigen of Myciaa^ and ii) a monoeional antibody directed agains, the portion of 
Myca hl ,a e r,u m a!pha antigen: b) adding the sample to the monoclonal antibodv under 
condtuons such tha, the antibody binds to the M yco blK ,on lm alpha an.ieen i„ ',he sample to 
form an amibody-amigen comp,«: and c, de.ecmg ,„ e binding of said antigen and antibodv 

In a preferred embodiment of the method of ,he presen, invention, the detecting 
compnses adding the primary antibody ,„ the amigen-anubody compiex so ,ha, ,he pnmarv 
anttbody binds to the antigen to form an amibodyamigen-antibodv sandwich. In ano.her ' 
preierred embodiment of the method. ,he detecting further comprises adding a reporter reagent 
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to the antibody-antigen-antibody sandwich to form an antibody-antigen-antibody-antibody 
sandwich. In a particularly preferred embodiment, the detecting further comprises adding an 
amplifier to said antibody-antigen-antibody-antibody sandwich. 

In one embodiment, the monoclonal antibody comprises a murine monoclonal 
antibody. In a preferred embodiment, the murine monoclonal antibody is biotinylated. In a 
^rticuiaiiy prefe; ; - e primary antibody is preadsorbed with avidin (e.#. 

stre^vi'*^) couple. nture antibody, prior to use in the method of the 

present invention for the detect,. curium species. In yet another particularly 

preferred embodiment, the solid suppo> . i with avidin. 

In another embodiment, detection is achieved through use of such methods as enzyme 
immunoassay, radioimmunoassay, fluorescence immunoassay, tlocculation. particle 
agglutination, and in situ chromogenic assay. It is not intended that the present invention be 

limited to any particular assay formal. 

It is also contemplated that the method of the present invention will include additional 
components, including, but not limited to. such items as an alpha antigen control, a diluenl 
such as saline or water, as well as a plurality of alpha antigen samples with known 
concentrations of alpha antigen suitable for use in preparing standard curve(s) for the 
determination of antigen concentration in the lest (i.e.. patient) samples. Furthermore, in 
methods in which biotinylated antibodies are used, in a preferred embodiment, the primary 
0 antibody is preadsorbed with an avidin compound (/.,.. strepavidin) coupled to biotinylated 
capture antibody prior to use in the method. It is further contemplated that the method of the 
present invention comprise methods for analyzing samples using blots, including but no. 
limited to Western blots. These blotting methods may include additional reagents such as 
those listed above, as well as reagents, including but not limited to. such as paper suitable for 
25 the blotting system used, and blocking solution. 

It is also contemplated that the antibodies of the method of the present invention be 
prepared through the use of synthetic peptides as immunogens. In this embodiment, synthetic 

peptides, of. known sequence are used to induce the production of at least one of the antibodies 

used in the method. It is also contemplated that the synthetic peptides be used as an 
30 immunogen while they are still attached to the beads used to prepare them. Thus, the present 
invention encompasses antigens of mycobacteria that are naturally occurring and harvested 
from samples such as sputum, urine or blood samples, as well as mycobacterial antigens that 
are produced synthetically for use in the production of antibodies tor use in the method. It is 
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alpha antigen of Mycobacterium and ii) a monoclonal aniibody directed against the portion of 
Mycobacterium alpha antigen; b) adding the sample to the monoclonal antibody under 
conditions such that the antibody binds to the Mycobacterium alpha antigen in the sample to 
form an antibody-antigen complex: and c) detecting the binding of said antigen and antibody. 
5 In a preferred embodiment of the method of the present invention, the detecting 

comprises adding the primary antibody to the antigen-antibody complex so that the primary 
antibody binds to the antigen to form an antibody-antigen-antibody sandwich. In another 
preferred embodiment of the method, the detecting further comprises adding a reporter reagent 
to the antibody-antigen-antibody sandwich to form an antibody-antigen-antibody-antibody 
10 sandwich. In a particularly preferred embodiment, the detecting further comprises adding an 
amplifier to said antibody-antigen-antibody-antibody sandwich. 

In one embodiment, the monoclonal antibody comprises a murine monoclonal 
antibody, in a preferred embodiment, the murine monoclonal antibody is biotinylated. In a 
particularly preferred embodiment, the primary antibody is preadsorbed with avidin 
15 streptavidin) coupled to biotinylated capture antibody prior to use in the method of the present 
invention for the detection of Mycobacterium species. In yet another particularly preferred 
embodiment, the solid support is coated with avidin. 

In another embodiment, detection is achieved through use of such methods as enzyme 
immunoassay, radioimmunoassay, fluorescence immunoassay, flocculation, particle 
20 agglutination, and in situ chromogenic assay. It is not intended that the present invention be 
limited to any particular assay format. 

It is also contemplated that the method of the present invention will include additional 
components, including, but not limited to. such items as an alpha antigen control, a diluent 
such as saline or water, as well as a plurality of alpha antigen samples with known 
25 concentrations of alpha antigen suitable; for use in preparing standard curve(s) for the 

determination of antigen concentration in the test (i.c patient) samples. Furthermore, in 
methods in which biotinylated antibodies are used, in a preferred embodiment, the primary 
antibody is preadsorbed with an avidin compound (i.c strepavidin) coupled to biotinylated 
capture antibody prior to use in the method. It is further contemplated that the method of the 
30 present invention comprise methods for analyzing samples using blots, including but not 
limited to Western blots. These blotting methods ma> include additional reagents such as 
those listed above, as well as reagents, including but not 1 muted to. such as paper suitable for 
the blotting system used, and blocking solution. 
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It is also contemplated that the antibodies of the method of the present invention be 
prepared through the use of synthetic peptides as immunogens. In this embodiment, synthetic 
peptides of known sequence are used to induce the production of at least one of the antibodies 
used in the method. It is also contemplated that the synthetic peptides be used as an 
5 immunogen while they are still attached to the beads used to prepare them. Thus, the present 
invention encompasses antigens of mycobacteria that are naturally occurring and harvested 
from samples such as sputum, urine or blood samples, as well as mycobacterial antigens that 
are produced synthetically for use in the production of antibodies for use in the method. It is 
also contemplated that these synthetic peptides be used as antigens in the kit. In a preferred 

10 embodiment, the synthetic peptides correspond to the alpha antigen of A* tuberculosis or 
MAC. Thus, the sequences of SEQ ID NOS:l-8 may be used in the form of synthetic 
peptides for use in the present invention. 

In one embodiment of the method, the Mycobacterium detected by the method of the 
present invention is selected from the group consisting of Mycobacterium tuberculosis. 

1 5 Mycobacterium avium and Mycobacterium intracellulars In one embodiment of the methods 
of the present invention, the portion of said Mycobacterium alpha antigen is selected from the 
group comprising SEQ ID NOS: 1, 2. 3. 4, 5, 6. 7 and 8. Thus, it is contemplated that 
fragments of the alpha antigen, as well as the entire alpha antigen will be used in the methods 
of the present invention. It is also contemplated that immune complexes present in urine 

20 samples will be tested using the methods of the present invention. In this embodiment, the 
immune complexes may be treated using methods known in the art to dissociate antibodies 
from antigens. 

It is also contemplated that some samples tested using the method of the present 
invention will be obtained from individuals infected with human immunodeficiency virus. 
25 including, but not limited to, HIV-1 and HIV-2. 

It is also contemplated that the methods of the present invention will be used for 
monitoring the progression of therapy in individuals infected with Mycobacterium, in 
particular M. tuberculosis and/or MAC. It is further contemplated that the methods will be 
used with samples from patients who are infected with M. tuberculosis, as determined by skin 
30 test positivity, chest radiograph positivity, and/or sputum cultures containing M. tuberculosis. 

The present invention also provides a composition comprising purified monoclonal 
antibody directed against a portion of Mycobacterium alpha antigen. In one embodiment, the 
monoclonal antibody is a murine monoclonal antibody. In an alternative embodiment, the 



- 23 - 



murine monoclonal antibody is directed against epitopes of the alpha antigen of M. 
tuberculosis. M. avium or M. intracellulars In a particularly preferred embodiment, the 
murine monoclonal antibody is directed against M. tuberculosis epitopes. In yet another 
preferred embodiment, the alpha antigen used to produce the murine monoclonal antibody is 

5 comprised of SEQ ID NOS:K 2. 3. 4. 5. 6. 7, or 8. It is also contemplated that the 

monoclonal antibody of the present invention will be produced through the use of synthetic 
peptides as antigens. In a preferred embodiment, the monoclonal antibody of the present 
invention is raised against SEQ ID NOS: 3. 4. 6 or 7. It is further contemplated that the 
monoclonal antibody be produced using any suitable methods for monoclonal antibody 

10 production, including intrasplenic methods, cell culture, etc. It is not intended that the 
monoclonal antibody of the present invention be limited to an antibody produced using a 
particular method or produced using a particular animal species. It is also not intended that 
the antibodies used in the present invention be of a particular class of immunoglobulin. 

15 DESCRIPTION OF THE FIGURES 

Figure 1 shows Western blots for detection of alpha antigen purified from culture 
filtrates. 

Figure 2 is a graphical representation of the reaction used to produce a colored 
reaction product in the amplified ELISA test method. 
20 Figure 3 is a graph showing the results of an amplified ELISA test for detection of 

alpha antigen as described in Example 3. 

Figure 4 is a graph showing the detection of alpha antigen in spiked samples of human 
serum and urine. 

Figure 5 is a graph showing the results of a comparison between detection of M. 
25 tuberculosis by the BACTEC system and the amplified ELISA test method. 

Figure 6 is a graph showing the amplified ELISA results for urine samples from HIV- 
negative tuberculosis patients and controls. 

Figure 7 is a graph showing the amplified ELISA results for serum samples from 
HIV-negative tuberculosis patients and controls. 
30 Fiuare 8 is a graph showing the amplified ELISA results for urine samples from HIV- 

positive tuberculosis patients and controls. 

Figure 9 shows Western blots of filtrates of M. tuberculosis. M. avium, and M. 
smegmatis using monoclonal TBC27 as the capture antibody. 

- 24 - 



BNSDOCID- <WO. 




WO 98/04918 



PCT/US97/13235 



10 



15 



20 



25 



Figure 10 is a graph showing the standard curves lor alpha antigen amplified ELiSA 
using culture filtrates of M. tuberculosis and M. avium. 

Figure 1 1 shows the urinary antigen values in HlV-negative subjects grouped 
according to their M. tuberculosis and M. avium status. 

Figure 12 shows the urinary antigen values in HIV-positive subjects grouped according 
to their \-f. tuberculosis and M. avium status. 

Figure 13 shows the results of alpha antigen detection assays for sputum samples 
obtained from three patients, with one patient's results being shown in each of the three 
panels (i.e.. Panels A. B. and C). 

Figure 14 shows the results of alpha antigen detection assays for sputum samples 
obtained from nine patients, with one patient s results being shown in each of the nine panels 
{i.e.. Panels A-l"). 

Figure 15 shows the results of alpha antigen detection assays for sputum samples 
obtained from one patient. 

Figure 16 shows Western blots for the detection of alpha antigen by three monoclonal 
antibodies. 

Figure 17 shows the results of alpha antigen detection assays from urine samples of 
HIV-positive and HIV-negative individuals. 

Figure 18 shows a Western blot in which 5C5 was used to detect alpha antigen. 

Figure 19 shows the amino acid sequences of M tuberculosis and M. avium alpha 
antigen. 

Figure 20 shows Western blots of M avium filtrate tested with murine antiserum 
directed against alpha antigen peptides. 

Figure 21 shows Western blots of M. avium and M. tuberculosis culture nitrates tested 
with goat M. intracellular antisera. In this Figure. Panel 21 A shows the results with Kris 
antiserum: Panel 21 B shows the results with Kris antiserum adsorbed with M. tuberculosis, 
and Panel 21C shows the results with Jane antiserum. 

Figure 22 shows Western blots of M. avium and M tuberculosis culture filtrates tested 
with Kris antiserum and Kris antiserum adsorbed with M. tuberculosis. In this Figure. Panel 
22A shows the results with the unabsorbed antiserum and Panel 22B shows the results with 
adsorbed antiserum. 
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GENERAL DESCRIPTION OF THE INVENTION 

Previous reports of antigen detection assays for direct diagnosis of tuberculosis have 
been limited to examination of fluids obtained from the site of clinical disease, such as 
cerebrospinal fluid, sputum, or bronchoalveoiar lavage fluid. Furthermore, the range of the 
5 lower limit of detection of these assays was reported to be from 1 ng to 1 |ag/mh In addition, 
the lower detection thresholds were only achieved in those assay which used a polyclonal 
antiserum for capture. Moreover, several used the same serum for both capture and detection. 
In none of these reports were fluids remote from the site of infection studied. None of these 
assays were able to identify subjects with latent infection. This is in contrast with the present 
10 invention, in which identification of a mycobacterial antigen in fluids remote from the site of 
infection in patients infected with A/, tuberculosis is possible. 

In the method of the present invention, a sandwich ELISA (enzyme-linked 
immuosorbent assay) with a monoclonal antibody for capture and a secondary antibody for 
detection of bound monoclonal antibody is used. In a preferred embodiment, the signal from 
15 the assay is amplified using an recycling enzymatic method, which increases the signal over 
500 fold. Special measures arc included in order to reduce background noise. The assay 
offers numerous advantages as compared to existing methods for tuberculosis diagnosis. First, 
body fluids remote from the site of infection can be tested using the method of the present 
invention. The test can be used with infected body fluids, as well as urine and blood. 
20 Although urine and blood usually do not contain M. tuberculosis, these sites may contain 
secreted products of the infection. Detection of these secreted products provides a clear 
advantage in attempts to diagnose a localized infection such as is usually the case in 
tuberculosis. It is a particularly important advantage in diagnosis of tuberculosis in children, 
from whom quality sputum specimens are difficult to collect and are generally not available. 

25 

Detection of Alpha Antigen 

Alpha antigen is an abundantly-produced, secreted 30 kD mycobacterial protein 
involved in mycotic acid synthesis. During development of the present invention, it was 
determined that alpha antigen was a potentially useful indicator of mycobacterial disease, as it 
?>0 can account for up to 20% of the protein content of spent mycobacterial culture medium (A. 
Andersen et al, "Proteins released from Mycobacterium tuberculosis during growth." Infect. 
Immun.. 59:1905-10 [1991]). In addition, homologous alpha proteins exist for most species 
of mycobacteria, including the M. tuberculosis and M. avium complexes. However, it is alsi 
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contemplated that other antigens may be detected using the methods and compositions of the 
present invention. 

The present invention provides rapid, reliable detection of mycobacterial antigens in 
such samples as body fluids (e.g.. urine, blood and sputum'} for the detection of various 
5 mycobacterial species, as the antigens have both species specific and shared epitopes (II. 
Tasaka et al. "Specificity and distribution of alpha antigens of Mycobacterium avium- 
intracellulars Mycobacterium scrofulaceum. and related species of mycobacteria." Am. Rev. 
Respir. Dis.. 1985;132:173-4 { 1 985 1). Furthermore, the genes for alpha antigens of 
M. tuberculosis, hovis. avium, and kansasil have been cloned and sequenced (See e.g.. K. 

10 Matsuo et al. "Cloning and expression of the gene for the cross-reactive alpha antigen of 
Mycobacterium kansasiir Infect. Immun.. 58:550-6 [1990]; K. Matsuo et al, "Cloning and 
expression of the Mycobacterium hovis BCG gene for extracellular alpha antigen." J 
Bacterid.. 170:3847-54 [1988]: N. Ohara et al. "Cloning and sequencing of the gene for 
alpha antigen from M. avium and mapping of B-cell epitopes." Infect. Immun.. 61:1 173-9 

15 [19931: and L. DeWit et al, "Nucleotide sequence of the 85B-protein gene of A/, hovis BCG 
and M. tuberculosis: DNA sequence." J. DNA Seq. Map., in press. [1996]). 

At 30 kD. the alpha antigens may be too large to be filtered intact through the renal 
glomeruli, particularly when complexed with antibody, nonetheless, the present invention 
provides means to detect alpha antigens present in urine samples. While an understanding of 

20 the mechanism by which it is possible to detect the antigens in urine is not necessarv to the 
successful practice of the invention, it is believed that cleavage of the protein may occur in 
vivo as a consequence of intracellular digestion by proteolytic enzymes within the 
macrophages, in the circulation, or in the kidney (e.g.. by brush border peptidases), and 
permit excretion of the antigen or portions thereof Antibody epitopes of alpha antigens of 

25 A/, hovis. M. leprae. M. tuberculosis, and M. avium are largely restricted to the carboxy- 
terminal half of the protein (Ohara et al, "Cloning and sequencing of the gene for alpha 
antigen from M. avium and mapping of B-cell epitopes," Infect. Immun.. 61:1 173-9 [1903 J: 
and E. Filley et al. "Identification of an antigenic domain on Mycobacterium leprae protein 
antigen 85B. which is specifically recognized by antibodies from patients with leprosv." J 

30 Infect. Dis.. 169:162-9 [1994]). Thus, fragments representing the N-terminal portion of M. 
tuberculosis may be present in the urine, even if the native antigen is too large to be filtered 
by the glomeruli. It is contemplated that these fragments will be detected using the 
compositions and methods of the present invention. 
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The present invention provides numerous advantages over the methods previously and 
currently in use to detect infection and/or disease with M. tuberculosis or MAC. For 
example, ail of the previously reported tuberculosis antigen detection assays were applied onlv 
to infected fluids or to early cultures, the assays were considerably less sensitive than this 
5 assay, and in addition, relied upon an animal antiserum developed against a whole oruanism 
of another mycobacterial species (BCG) for detection, resulting in poor specificity. 
Furthermore, none of the previously described assays were applied to urine and blood 
samples. 

Also, the present invention detects products of the mycobacteria, rather than the host 

10 response to the organism. This provides an important advantage, as the host response is 

impaired in immunocompromised patients at highest risk of tuberculosis. Thus, tests such as 
those previously reported that are based on the host response are insufficiently sensitive in this 
population. In addition, the present invention permits detection of latent infection in 
individuals at highest risk of developing tuberculosis. This is significant, because once the 

15 infection is detected, preventive therapy can be initiated. This is not possible with the 
previously described methods. 

Also, unlike the previously described methods, the present invention can be used for 
early monitoring of anti-tuberculosis therapy, providing a useful tool in predicting which 
individuals might experience treatment failure with a particular regimen. Thus, the present 

20 invention can also be used in the rapid evaluation of new anti-tuberculosis therapies. 

importantly for clinical diagnosis and public health tuberculosis clinics, the method of 
the present invention is rapid, requiring only 1-2 days to complete, as opposed to a minimum 
of 2-4 weeks for culture. Furthermore, the present invention can be performed during a 
single visit to the clinic, unlike the routine skin testing methods which require a return visit in 

25 order to observe and record the skin test results. Also importantly, the present invention 

provides an inexpensive method that is within the capabilities of existing clinical and public 
health mycobacteria laboratories. This is generally not true for methods that require 
specialized equipment and training the polymerase chain reaction [PCR|). The test is 

very flexible, permitting the detection of various antigens or alpha antigen epitopes. The 

30 assay can be used to detect all secreted mycobacterial antigens by substituting a non-specific 
binding method for the capture antibody. 

In addition, the results obtained by the present invention for detection of amigenuria 
are much superior to those of such previous methods as that of Sippola et ai (A. A. Sippola a 
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<#/.. "Mycobacterium avium antigenuria in patients with AIDS and disseminated M. avium 
disease/' J. infect. Dis.. 168:466-8 [1993]). For example, as described in Example 16 of the 
present application, the k-ll antiserum was found by Western blot of A/ a^ium filtrate, to 
primarily recognize three antigens. One antigen was approximately 38-42 kD. and may he 
5 lipoarabinomannan (LAM), a mycobacterial polysaccharide. The second antigen is a 30 kD 
antigen that was determined to be alpha antigen. The third antigen was approximately 25 kD. 
This is significant for the reliable and reproducible detection of amigenuria. as these antiaens 
differ considerably in terms of potential species-specificity. Antibodies to polysaccharides 
reach high levels in mycobacterial infection: however, they generally are broadly cross 

10 reactive and have limited diagnostic potential fS.D. Chaparas el ai. "Tuberculin-active 
carbohydrate that induces inhibition of macrophage migration but not Ivmphocvte 
transformation." Science 170:637-9 [1970]; and A. Drowart et <//.. "Isoelectrophoretic 
characterization of protein antigens present in mycobacterial culture filtrates and recognized 
by monoclonal antibodies directed against the Mycobacterium hnvis BCG antitien 85 

15 complex," Scand. J. Immunol.. 36:697-702 [1992]). It is contemplated that in addition to the 
alpha antigen, antigens such as the 25 kD antigen described in Example 16 will be detection 
in the present invention. 

In contrast with the previous studies, the present invention provides a more sensitive 
method for the reliable detection of infection and/or disease due to M. tuberculosis or MAC. 

20 based on the detection of mycobacterial products, rather than the host response to the 
mycobacteria. 

Definitions: 

To facilitate further understanding of the invention, a number of terms are defined 

25 below: 

The terms "sample" and "specimen" in the present specification and claims are used in 
their broadest sense. On one hand, they are meant to include a specimen or culture. On the 
other hand, they are meant to include both biological and environmental samples. These 
terms encompasses all types of samples obtained from humans and other animals, including 
30 but not limited to. body fluids such as urine, blood, sputum, fecal matter, cerebrospinal fluid 
(CSF). semen, and saliva, as well as solid tissue. These terms also refers to swabs and other 
sampling devices which are commonly used to obtain samples for culture of microorganisms. 

- 29 - 

1NSDOCID: <WO 98049 18A1J_> 



Biological samples may be animal, including human, tluid or tissue, toed products and 
ingredients such as dairy items, vegetables, meat and meat by-products, and waste. 
Environmental samples include environmental material such as surface matter, soil, water, and 
industrial samples, as well as samples obtained from food and dairy processing instruments. 
5 apparatus, equipment, disposable, and non-disposable items. These examples are not to be 
construed as limiting the sample types applicable to the present invention. 

Whether biological or environmental, a sample suspected of containing microorganisms 
may (or may not) first be subjected to an e- -nns to create a "pure culture" of 

microorganisms. By "enrichment means" or "e, eatment." the present invention 

10 contemplates (i) conventional techniques for isolau. Microorganism of interest 

away from other microorganisms by means of liquid, solid, semi-solid or any other culture 
medium and/or technique, and (ii) novel techniques for isolating particular microorganisms 
away from other microorganisms. It is not intended that the present invention be limned onlv 
to one enrichment step or type of enrichment means. For example, it is within the scope of 

15 the present invention, following subjecting a sample to a conventional enrichment means, to 
subject the resultant preparation to further purification such that a pure culture of a strain of a 
species of interest is produced. This pure culture may then be analyzed by the medium and 
method of the present invention. 

As used herein, the term "culture" refers to any sample or specimen which is suspected 

20 of containing one or more microorganisms. "Pure cultures" are cultures in which the 

organisms present are only of one strain of a particular genus and species. This is in contrast 
to "mixed cultures," which are cultures in which more than one genus and/or species of 
microorganism are present. 

As used herein, the term "organism" is used to refer to any species or type of 

25 microorganism, including but not limited to bacteria, yeasts and other fungi. As used herein, 
the term fungi, is used in reference to eukaryotic organisms such as the molds and yeasts, 
including dimorphic fungi. 

As used herein, the term "Mycobacterium" is used in reference to the genus 
Mycobacterium, the only genus in the family Mycohacteriaceae. As used herein, the term 

30 "mycobacteria" is used in reference to all of the organisms included within the genus 

Mycobacterium, including ail of the taxonomic levels lower than genus, including, but not 
limited to species, subspecies, strains, etc. As used herein. \t. tuberculosis is used in 
reference to all of the species included within the "A/, tuberculosis complex." including M. 
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tuberculosis. At. hovis. At microti. At ajricanum. and any other organism subsequently 
recognized as falling within this taxonomic group. 

As used herein, the terms "microbiological media" and "culture media." and "media- 
refer to any substrate for the growth and reproduction of microorganisms. "Media" mav be 
5 used in reference to solid plated media which support the growth of microorganisms. Also 
included within this definition are semi-solid and liquid microbial growth systems including 
those that incorporate living host organisms, as well as any type of media. 

As used herein, the term "primary isolation" refers to the process of culturing 
organisms directly from a sample. Thus, primary isolation involves such processes as 

10 inoculating an agar plate from a culture swab, urine sample, environmental sample, etc. 

Primary isolation may be accomplished using solid or semi-solid agar media, or in liquid. As 
used herein, the term "isolation" refers to any cultivation of organ.sms. whether it be primary 
isolation or any subsequent cultivation, including "passage" or "transfer" of stock cultures of 
organisms for maintenance and/or use. 

15 As used herein, the term "presumptive diagnosis" refers to a preliminary diagnosis 

which gives some guidance to the treating physician as to the etiologic organism involved in 
the patient-s disease. Presumptive diagnoses are often based on "presumptive identifications." 
which as used herein refer to the preliminary identification of a microorganism based on 
observation such as colony characteristics, growth on primary isolation media, gram stain 
20 results, etc. 

As used herein, the term "definitive diagnos.s" ,s used to refer to a final diagnosis in 
which the etiologic agent of the patient's disease has been identified. The term "definitive 
identification" is used in reference to the final identification of an organism to the genus 
and/or species level. 

25 As used herein, the terms "digestion" and "decontamination" are used in reference to 

the standard methods used by mycobacteriology laboratories to treat samples such as sputum 
prior to culturing or testing the samples. 

As used herein, the term "antibody" is used in reference to any immunoglobulin 
molecule that reacts with a specific antigen. It is intended that the term encompass any 
30 immunoglobulin (e.y.. IgG. IgM. IgA. IgE. IgD. etc., ..blamed from any source humans, 
rodents, non-human primates, caprines. bovines. equine?., ovines. etc.). 

As used herein, the term "antigen" is used in reference to any substance that is capable 
of reacting with an antibody. It is intended that this lerm encompass any antigen and 
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"immunogen" (i.e.. a substance which induces the formation of ancibodies). Thus, in an 
immunogenic reaction, antibodies are produced in response to the presence of an antigen or 
portion of an antigen. 

As used herein, the terms "antigen fragment" and "portion of an antigen" are used in 
5 reference to a portion of an antigen. Antigen fragments or portions may occur in various 
sizes, ranging from a small percentage of the entire antigen to a large percentage, but not 
100% of the antigen. However, in situations where at least a portion of an anticen is 
specified, it is contemplated that the entire antigen may be present. It is contemplated that 
antigen fragments or p ions, may, but are not required to comprise and "epitope" recognized 

10 by an antibody. Antig. ragments or portions also may or may not be immunogenic. 

As used herein, the term "immunoassay" is used in reference to any method in which 
antibodies are used in the detection of an antigen. It is contemplated that a range of 
immunoassay formats be encompassed by this definition, including but not limited to direct 
immunoassays, indirect immunoassays, and "sandwich" immunoassays/' A parcicularU 

15 preferred format is a sandwich enzyme-linked immunosorbent assay (ELISA). However, k is 
not intended that the present invention be limited to this format. It is contemplated that other 
formats, including radioimmunoassays (RJA). immunotluoresccnt assays {[FA), and other 
assay formats, including, but not limited to, variations on the ELISA method will be useful 
in the method of the present invention. Thus, other antigen-antibody reaction formats may be 

20 used in the present invention, including but not limited to "flocculation" (i.e.. a colloidal 

suspension produced upon the formation of antigen-antibody complexes), "agglutination" {i.e.. 
clumping of cells or other substances upon exposure to antibody), ''particle agglutination" 
(i.e.. clumping of particles coated with antigen in the presence of antibody or the clumping of 
particles coated with antibody in the presence of antigen): "complement fixation" (i.e.. the use 

25 of complement in an antibody-antigen reaction method), and other methods commonly used in 
serology, immunology, immunocytochemistry, histochemistry, and related fields. 

As used herein, the term "cell staining" is used in reference to methods used to label 
or stain cells to enhance their visualization. This staining or labelling may be achieved 
through the use of various compounds, including but not limited to. tluorochromes. enzymes. 

30 gold, and iodine. It is contemplated that the definition encompasses such methods as "in situ 
chromogenic assays." in which a test (i.e.. an assay) is conducted on a sample in situ. It is 
also contemplated that the in situ chromogenic assay will involve the use of an immunoassay 
(i.e.. an ELISA). 
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As used herein, the term "capture antibody" refers to an antibody that is used to bind 
an antigen and thereby permit the recognition of the antigen by a subsequently applied 
antibody. l ; or example, the capture antibody may be bound to a microliter well and serve to 
bind mycobacterial antigens present in a sample added to the well. Another antibody (termed 
5 the "primary antibody") is then used to bind to the antigen-antibody complex, in effect to 
form a "sandwich" comprised of antibody-antigen-antibody. Detection of this complex can be 
performed by several methods. The primary antibody may be prepared with a label such as 
biotin. an enzyme, a fluorescent marker, or radioactivity, and may be detected directlv using 
this label. Alternatively, a labelled "secondary antibody" or "reporter antibody" which 

10 recognizes the primary antibody may be added, forming a complex comprised of antibody- 
antigen-antibody-antibody. Again, appropriate reporter reagents are then added to detect the 
labelled antibody. Any number of additional antibodies may be added as desired. These 
antibodies may also be labelled with a marker, including, but not limited to an enzyme, 
fluorescent marker, or radioactivity. 

15 As used herein, the term "reporter reagent" or "reporter molecule" is used in reference 

to compounds which are capable of detecting the presence of antibody bound to antigen. Tor 
example, a reporter reagent may be a colorimetric substance which is attached to an 
enzymatic substrate. Upon binding of antibody and antigen, the enzyme acts on its substrate 
and causes the production of a color. Other reporter reagents include, but are not limited to 

20 fluorogenic and radioactive compounds or molecules. This definition also encompasses the . 
use of biotin and avidin-based compounds (e.g.. including compounds but not limited to 
neutravidin and streptavidin) as part of the detection system. In one embodiment of the 
present invention, biotinylated antibodies may be used in the present invention in conjunction 
with avidin-coated solid support. 

25 As uscd herein the term "signal" is used in reference to an indicator that a reaction has 

occurred, for example, binding of antibody to antigen. It is contemplated that signals in the 
form of radioactivity, tluorogenic reactions, and enzymatic reactions will be used with the 
present invention. The signal may be assessed quantitatively as well as qualitatively. 

As used herein, the term "amplifier" is used in reference to a system which enhances 

30 the signal in a test method such as an ELISA. 

As used herein, the term "solid support" is used in reference to any solid material to 
which reagents such as antibodies, antigens, and other compounds may be attached. For 
example, in the ELISA method, the wells of mtcrotiter plates often provide solid supports. 
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Other examples of solid supports include microscope slides, covcrsiips. beads, particles, cell 
culture flasks, as well as many other items. 

As used herein, the term "kit" is used in reference to a combination of reagents and 
other materials. It is contemplated that the kit may include reagents such as capture antibody. 
5 reporter antibody, and amplifier. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides compositions and methods for the rapid detection of 
10 mycobacterial antigens in such samples as blood, serum, urine, sputum, and culture filtrates. 
Therefore, this invention provides significant advantages in the diagnosis, monitoring, and 
treatment of patients with infections and/or disease with such organisms as M. tuberculosis 
and MAC. 

In particular, the present invention provides methods and compositions for an 
15 amplified ELISA method for the detection of the mycobacteria. In this method, two antibody 
preparations are used, namely a "capture" antibody and a "reporter" antibody (or "antibody 
pair"). The capture antibody is used to "capture" mycobacterial antigens present in a sample, 
in order to permit their detection upon the addition of the reporter antibody and amplifier 
system. 

20 fn a particularly preferred embodiment, the present invention provides compositions 

and methods for the detection of alpha antigen present in patient samples or other specimens. 
It is contemplated that the method be used to detect either the antigen or specific epitopes 
within the alpha antigen. It is not intended that the invention be limited to particular epitopes 
of the alpha antigen. Thus, it is also not intended that the present invention be limited co 

25 particular antibodies. For example, the capture antibody may be a monoclonal antibody 

directed against alpha antigen of M tuberculosis, while the reporter antibody is a polyclonal 
or monoclonal antibody directed against an organism, such as M. bovts BCG. 

Although embodiments have been described with some particularity, manv 
modifications and variations of the preferred embodiment are possible without deviating from 

30 the invention. 
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The following examples are provided in order to demonstrate and further illustrate 
certain preferred embodiments and aspects of the present invention and are not to be 
construed as limiting the scope thereof. 
5 In the experimental disclosure which follows, the following abbreviations apply: eq 

(equivalents): M (Molar); uM (micromolar); N (Normal): mol (moles); mmol (millimoles): 
umol (micromoles); nmol (nanomoles): g (grams): mg (milligrams): ug (micrograms): ng 
(nanograms): pg (picograms); I or L (liters); ml (milliliters): ul (microliters); cm 
(centimeters): mm (millimeters): urn (micrometers): nm (nanometers): OD (optical density): 
10 OD„ (optical density at 492 nm); °C (degrees Centigrade): PPD (purified protein derivative 
of M tuberculosis. Connaught Laboratories. Ontario. Canada); PBS (phosphate buffered 
saline. Sigma); CHAPS detergent (3[3(3-Cholamidopropyll)diethylammonio]- 1 -propane- 
sulfonate): BSA (bovine serum albumin. Pierce); Tris (TR1ZMA. Sigma): RPM (revolutions 
per minute): TBS (Tris buffered saline 0.05 M pH 8.0. Sigma). The following commercial 
15 enterprises or governmental agencies are identified as follows: Amersham (Amersham Life 

Science. Arlington Hts. IL): ATCC (American Type Culture Collection. Rockville. Maryland): 
Becton Dickinson (Becton Dickinson Diagnostic Systems Instrument Systems. Sparks. MD: 
Becton Dickinson Microbiology Systems. Cockeysville. MD): BioRad (BioRad. Hercules. 
CA); Biowhittaker ( Walkersville. MD); Boehringer Mannheim (Indianapolis. IN): DAKO 
20 (DAKO. Carpimeria. CA); Difco (Difco Laboratories. Detroit. MI): Fisher (Fisher Scientific. 
Pittsburgh. PA): Isolator (Wampole Laboratories. Cranbury. NJ); NCBI (National Center for 
Biotechnology Information. Bethesda MD. http://w-ww3.ncbi.nlm.nih.gov/Entrez.Mndex.html): 
NLM (National Library of Medicine. Belhesda MD): Pierce (Pierce. Rockford. IL): S&S 
(Schleicher & Schuell. Keene. NH); Sigma (Sigma Chemical Co.. St. Louis. MO.): PGC 
25 (PGC Scientifics. Gaithcrsburg. MD); Spectrum (Spectrum Medical Industries. Los Angeles. 
CA): U.S. Biochemical (U.S. Biochemical Corp.. Cleveland. OH): Cambridge (Cambridge 
Diagnostics. Cambridge. MA): and Molecular Devices (Molecular Devices. Menlo Park. CA). 
Unless otherwise indicated, all of the chemicals used in the following Examples were obtained 
from Sigma. 
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EXAMPLE 1 

Growth of Mycobacterium tuberculosis, Preparation of Culture Filtrates, 
Purification of Alpha Antigen, and Confirmation by Western Blot 

5 In this Example, cultures of M. tuberculosis were grown in order to produce culture 

filtrates for detection of alpha antigen. M. tuberculosis strain H37Rv was obtained from 
ATCC. Although ATCC #27294 was utilized in this Example, it is contemplated that other 
deposits of H37Rv (e.g., ATCC #25618. 35800. etc.) will he suitable for use in the present 
invention. Bacilli were cultured in Proskauer Beck medium in roller bottles at 37°C. at 5 

10 RPM, in a humidified atmosphere for 10 weeks. Bacilli were removed by filtration using 
filter paper with progressively smaller pore size filters, up to 0,2 (a (S & S). Ammonium 
sulfate (Sigma) was added to the liquid spent medium to a final concentration of 60% 
saturation at 3°C. The filtrate was refrigerated with constant magnetic stirring overnight. The 
resulting precipitate was sedimented at 2000 RPM, The liquid was removed, the precipitate 

15 resuspended in distilled water, and then was dialysed against a water bath using a lOkD cutoff 
dialysis membrane (Spectrum). 

The precipitated protein was applied to a diethylaminoethyl cellulose column (Sigma), 
washed with 0.01 M phosphate buffer, and then eluted with a linear gradient of from 0.01 M 
to 0.3 M sodium phosphate. Alpha antigen eluted at a salt concentration of 0.07 M. The 

20 antigen was concentrated by lyophilization. and then applied to a preparative isoelectric 
focusing cell (Rotofor chamber. Biorad), with 10 mg CHAPS detergent (Bio-Rad). 5 ml 
glycerol, and 1 ml pH 3-10 ampholytes (Bio-Rad), 1 ml pH 5-7 ampholytes (Bio-Rad) and a 
final volume of 55 ml. A constant power of 12 W was applied for 5 hr. The fractions 
containing alpha antigen were identified by SDS-PAGE and Western blot as described below. 

25 Selected fractions were then further fractionated by preparative SDS-PAGE using a PrepCell 
column (Bio-Rad) using a 10% acrylamide gel according to the manufacturer's 
recommendations. Protein fractions were collected from this column and were simultaneously 
concentrated and dialyzed using a cylindrical membrane device with a lOkD cutoff (Micro- 
ProDiCon. Spectrum). Fractions containing pure alpha antigen were identified by SDS- 

30 PAGE, colloidal gold stain (Aurodye. Amcrsham j, and Western blot. 

SDS polyacrylamide gel electrophoresis was performed using 10% acrylamide in the 
running gel. and 4% acrylamide in the stacking gel. in a Mini-Protean apparatus (Biorad) as 
suggested by the manufacturer. The protein to be electrophoresed was mixed with an equal 
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volume of reducing sample buffer (Tris 1.51 g, pH 6.75. 4% SDS. 20% glycerol, and 10 ul 
2-mercaptoethanol suspended to 100 mi in H : 0), and boiled for 2 minutes prior to application 
to the gel. After electrophoresis, the sample was transferred to 0.2 j.i pore size nitrocellulose 
paper (S&S). 

Western blotting was performed by blocking nonspecific binding with 5% bovine fetal 
serum i BioWhittaker) and 5% bovine serum albumin (BSA. Sigma) in phosphate buffered 
saline (Sigma). The antibody was diluted from 1:10 to 1:5000. as needed {i.e.. depending 
upon the starting concentration), in wash buffer with 1% BSA. and was incubated with the 
nitrocellulose blot overnight with constant rocking at 0.5 RPM at room temperature. The blot 
was washed twice for 5 minutes in PBS with Tween 20 0.1% (Sigma). An alkaline 
phosphatase conjugated secondary antibody (Sigma) was diluted 1:500 in PBS with 1% BSA 
and incubated for 6 hr with rocking at room temperature. The blot was washed twice as 
above. The blot was then added to 30 ml of a solution of 100 mM Tris. 100 mM NaCI. 5 
mM MgCl2. with 50 mg nitroblue tetrazolium and 5 mg 5-bromo-4-chloro-3-indoyl 
phosphate. Development was stopped by washing in water. 

These methods were satisfactory for purification of alpha antigen (85-B) from its 
related antigen 85-A. which differs only slightly in molecular size but more substantially by 
isoelectric point. A blot of M. tuberculosis alpha antigen purified by this approach is shown 
in Figure 1. In this Figure, lane M a M contained M. tuberculosis culture filtrate as the antigen 
and the stain on this lane was colloidal gold. Lane "b" of Figure 1 contained alpha antigen 
purified as described above and the stain was also colloidal gold. Lane "c" of Figure 1 
contained alpha antigen identical to lane b and stained with biotinylated TBC27. 



EXAMPLE 2 
Production of Murine Monoclonal Antibody 

The monoclonal antibody designated as TBC27 was produced for use in the ELISA 
method of the present invention. This monoclonal was developed by immunization with 
M tuberculosis alpha antigen obtained using the methods of Example 1. Six week-old female 
Balb/c mice (Charles River. MA) were immunized with 50 jag alpha antigen in incomplete 
Freund's adjuvant (DIFCO. Detroit. MI). Twice, animals were boosted with additional 50 ng 
of antigen at two week intervals, and sacrificed 2 weeks after the last boost. Spleen cells 
were fused to SP2/0 Ag 14 myeloma cells (ATCC) using polyethylene glycol (Sigma), and 



were propagated in Dulbecco's modified Eagle' medium (Sigma) with added hypoxamhine. 
aminopterin. and thymidine. Supernatants of wells with visible growth were tested for 
antibody by ELISA. The wells of Immulon 2 plates (PGC) were sensitized overnight (i.e.. 
12-18 hours), with 50 |il M tuberculosis filtrate (10 |ig/ml). and 25 ^1 of 3% glutaraldehyde 
5 in 0.15 M sodium phosphate. The plates were washed with wash buffer (TBS with 0.1% 
Tween-20). Supernatants from hybridoma wells were added to the wells and allowed to 
incubate overnight at room temperature, with rocking at 5 RPM. The plates were washed 
with wash buffer. Antibody was detected using alkaline phosphatase-conjugated anti-mouse 
Ig (Sigma) and alkaline phosphatase, as recommended by the manufacturer (Sigma). Wells 

10 found to be positive for antibody production were expanded in culture, through the use of 
standard methods for expansion of monoclonal antibody-producing clones. The supernatants 
were collected, iyophilized. and dialyzed. The antibody was biotinylated using the 
ImmunoPure NHS LC-biotin kit (Pierce) and the manufacturer's recommendations. 
An immunoadsorbent column was prepared using ImmunoPure immobilized 

15 strepavidin (Pierce) according to the manufacturer's recommendations. Biotinylated TBC-27 
was passed twice over the column. The column was regenerated between passes, according to 
• the manufacturer's recommendations. The preadsorbed TBC-27 was used in subsequent 
studies for the antigen detection ELISA. as described below. 



25 enhance both the speed and the sensitivity of immunoassays; 1 J. Immunol. Meth., 83:89-95 
[1985 J: and C.H. Self, "Enzyme amplification-^ general method applied to provide an 
immunoassisted assay for placental alkaline phosphatase," J. Immunol. Meth., 76:389- c >3 
[1985]) that substantially increases the speed and sensitivity of ELISA. was extensively 
modified for use for the detection of alpha antigen, including the addition of another step. In 

30 this method, an alkaline phosphatase conjugate was used to convert NADP to NAD. which 
then entered a regenerating cycle leading to production of a colored formazan dye. A 
schematic of the reaction is shown in Figure 2. Its use in the alpha antigen assay has resulted 
in over a 1000 fold reduction in the lower limit of detection of the assay (i.e.. from 20 ng/mf 



20 



EXAMPLE 3 



Detection of Alpha Antigen in 
M. tuberculosis Culture Filtrates 

In this Example, an ELISA method (CJ. Stanley et aL, "Enzyme amplification can 
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to from I to 10 pg/ml). The samples used in this pilot study were culture filtrates obtained 
from cultures of M. tuberculosis grown as described in Example 1. 

In this method. 100 ul biotinylaicd TBC27 diluted 1:1000 in BSA blocker (Pierce) in 
TBS was added lo each well of neutravidin-precoated ELISA plates (commercially available 
5 from Pierce). After 2 hr. the plate was washed with wash buffer (TBS/Tween 20 0.1%). 

Further nonspecific binding was inhibited by adding 300 ul SuperBIock (Pierce) twice, as per 
the manufacturer's recommendations. 

Standards (A/, tuberculosis filtrate, with a 10% alpha antigen content as determined bv 
densitometry of colloidal gold stained gels) and samples were diluted with equal volumes of 

10 an appropriate buffer depending on the nature of the experiment. For example, in assays 
comparing mycobacterial filtrates of different species, or of sputum samples, the diluent was 
TBS. For serum or urine, the diluent was pooled serum or urine (respectively) obtained from 
a group of healthy individuals with no known TB exposure, no residence in a TB endemic 
area, no history of BCG vaccination, a PPD skin test reaction of 0 mm induration within the 

15 past year, and no history of a reaction of greater than 0 mm in the past. The diluted 

standards, and the samples, were then diluted with an equal volume of BSA blocker in TBS. 
One hundred ul was then added to each well. Standards were tested in duplicate, and samples 
were tested in individual wells. The plate was incubated overnight on a rocking table at 5 
RPM in a humidor. The plate was washed 3 times with washing buffer. 100 ul of 1:1000 

20 anti-BCG .rabbit serum (commercially available from DAKO) preabsorbed with biotinylated 
TBC27 using an avidin column as described in Example 2. was added and allowed to 
incubate at room temperature overnight (i.e.. 18-20 hours). 

The plate was washed as above, and 100 ul alkaline phosphatase-conjugated anti-rabbit 
lg (commercially available from Pierce) diluted 1:5000 in BSA Blocker in TBS was added. 

25 and allowed to incubate for 2 hours with rocking as described above. The plate was then 

washed again as described above. To the washed plate. 100 ul amplifier (NADP+ 0.02 mM 
(Boehringer) in 50 mM diethanolamine (Sigma). 1 mM MgCI, (Sigma). 0.1 mM ZnCK. 
(Sigma), and 15 mM NaN. (Sigma), at pH 9.5) was added to each well. The plate was 
incubated for 10 minutes at room temperature, during which time NAD was generated. Then. 

30 200 ul diaphorase-dehydrogenase mixture was added (2 mg/ml alcohol dehydrogenase 
(Sigma). 1.5 mg/ml diaphorase (Boehringer), 4% ethanol (Sigma). 0.55 mM INT-violet 
(Sigma). 5 mg/ml BSA (Sigma), at pH 7.2). After 5 minutes of incubation time, the OD J0 , 
was measured using a Maxline microplate reader (Molecular Devices). A four-parameter 
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standard curve relating concentration to optical density was generated using So ft Max 
computer software (Molecular Devices). 

Because background signal is often the limiting factor in amplified assays, several 
measures were undertaken to reduce background signal in this assay. First, the antiserum 

5 used for detection (anti-BCG rabbit serum) of the alpha antigen was reabsorbed by passing it 
over a streptavidin column to which biotinyiated TBC27 (i.e.. the primary antibody) had been 
coupled. This was done to remove nonspecific reactivity against mouse IgG as well as 
specific alpha-anti-idiotypic antibody. Second, a conjugated anti-rabbit-Ig was selected which 
had been depleted of reactivity with murine and human IgG. Third, biotin/avidin was used to 

10 fix the capture antibody to the plate; this in turn allowed for more vigorous washing protocols 
with a detergent-containing buffer. Fourth, particular blocking reagents (BSA Blocker and 
SuperBlock, Pierce) were used, and albumin devoid of alkaline phosphatase activity was 
selected (Pierce). Finally, several sources of NADP were tested to identify reliable sources of 
NADP which contained the least amount of contaminating NAD. In multiple reproductions of 

15 this Example, it was determined that the best source of NADP was Boehringer, whereas that 
from Sigma was inferior. 

The results of this example are shown in Figure 3. Data in this figure are presented 
on a log-log scale to show its wide dynamic range. The horizontal axis reflects total protein 
content of M. tuberculosis culture filtrate; of this, alpha antigen represented approximately 

20 10%. as estimated by densitometric measurement of protein-stained gels. Thus, the lower 
limit of detection of the assay was approximately 1 pg/m'l. 



EXAMPLE 4 

25 Recovery of M. tuberculosis Alpha Antigen 

in Spiked Samples 

In this Example, the same methods as described in Example 3 were used for testing of 
serum or urine, with the exception that M. tuberculosis culture filtrates were added to normal 
pooled normal human serum or urine, as described above. This experiment was conducted in 
30 order to determine whether alpha antigen from M. tuberculosis filtrate could be detected in 
such samples. The results of this experiment are shown in Figure 4. As can be seen from 
Figure 4. the sensitivity of the assay was not substantially affected by either diluent (i.e.. 
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normal serum or urine). However, the study suggests that separate diluents for standards be 
used, depending upon the type of clinical sample. 

5 EXAMPLE 5 

Radiometric Detection of M tuberculosis 
Compared to Alpha Antigen Detection 

Radiometric detection of growth of mycobacteria is the standard to which clinical 
laboratories are held for rapid diagnosis of tuberculosis by accrediting agencies such as the 

10 Joint Commission on Accreditation of Healthcare Organizations (JCAHO;. Thus, it was of 
interest to compare a commonly used radiometric method with the ELISA method of the 
present invention for the detection of A/, tuberculosis. 

For clinical samples of infected body fluids {e.g.. sputum, etc.). standard methods of 
specimen processing are used, including decontamination and concentration. These samples 

15 are then inoculated into special radiometric medium which contains N C-radiolabelled palmitic 
acid. For the BACTEC system (Becton Dickinson), metabolic activity of any organisms in 
the culture bottle results in production of ,4 CO : . The gas above the liquid medium in the 
bottle is sampled daily and the t4 CO : content measured. The result is expressed as a growth 
index <GI). GI values above 20-30 are considered positive. Cultures with positive growth 

20 indices must then be examined using other methods in order to identify the organism(s) 
present. 

As in the previous Example, BACTEC I4B bottles supplied by the manufacturer were 
inoculated with from 10 4 to 10 1 colony forming units (CPU) of M. tuberculosis strain H37rv. 
Growth indices were measured daily as recommended by ihe manufacturer; simultaneous 

25 samples were collected for measurement of alpha antigen using the ELISA method of the 
present invention. On each day of measurement, 0.2 ml of medium was removed from the 
BACTEC bottle for measurement of alpha antigen, and an equal volume of fresh medium was 
replaced. The results of this study are shown in Figure 5. In Figure 5. solid data points 
represent growth index (GI) values, while the open Jala pomis represent alpha antigen 

30 content. The lower limit of detection of alpha antigen in this experiment was 10 pg/ml. 

Clinical samples are generally scored as positive when growth indices reach 30. The time to 
positivity of the two assays is summarized in Tabic I : 
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TABLE 1. Comparison of BACTEC and Amplified ELISA 



Inoculum 


Days to GI>30 


Alpha Antigen 


Dnvs to Alnh^ 






Concentration at 


Antigen > 1 0 pg 






GI=30 


I u 


5 


61 


<4 


10' 


8 


205 


0 


10 2 


12 


68 


8 


10' 


17 


>800 


13 



Thus, regardless oi ... -zt. growth was detected from 2 to 4 days earlier by the 

antigen detection assay of the vention. as compared to radiometric assav. 



EXAMPLE 6 
Radiometric Detection of M. avium 
Compared to Alpha Antigen Detection 

In view of the importance of M avium, the methods described in Example 5 above 
were used with a culture of M. avium replacing the M. tuberculosis culture used in the 
previous Example. This A-/, avium culture was a clinical isolate obtained from the blood of : 
AIDS patient with disseminated M. avium infection. This culture was propagated in 

20 Proskauer Beck medium as described above, with the exception that 1% dextrose was added 
to the culture medium. 

It was found that the amplified ELISA assay system was substantially less sensitive t\ 
detection of M. avium alpha antigen than for M. tuberculous. Antigen was detected only 
simultaneously or within one day of positive GI values. Despite more rapid growth of 

25 M. avium, antigen levels were less than 10% of those found with M tuberculosis. Table 2 
shows the results observed in this experiment. 
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TABLE 2. M. avium Detection 



Initial CFU 


Days to GI >30 


iJciyb io iVipna /Antigen 
>I0 pg/ml 




4 


4 


10' 






io- 


6 


6 


10' 


8 


7 



Nonetheless, these results indicate that the present invention may be used for the 
10 detection of alpha antigen in culture filtrates. 

EXAMPLE 7 
Alpha Antigen Detection in Urine and Serum 
15 of HIV-Negative Tuberculosis Patients 

In this Example, urine and serum obtained from Ugandan tuberculosis patients not 
infected with HIV. as well as tuberculosis-negative. HIV-negative controls were tested using 
the amplified EL1SA assay described in Example 3. 

-0 These HIV-negative patieints with tuberculosis had presented to the Uganda TB Control 

Programme referral center at Mulago Hospital, Kampala/the clinical site of the Case Western 
Reserve University TB Research Unit. Pulmonary tuberculosis was diagnosed on the basis of 
a compatible chest radiograph, a positive sputum AFB smear, and confirmatory growth of 
M tuberculosis on culture of sputum. These patients were determined to be I II V- 1 uninfected 

25 by commercial serum ELISA test system (Cambridge). Urine and serum specimens were 
obtained for antigen detection assay prior to initiation of therapy for tuberculosis. 

Control subjects without tuberculosis were identified from among patients under 
treatment for conditions other than tuberculosis, at the Pulmonary Clinic at Mulago Hospital. 
Their diagnoses were asthma and chronic bronchitis. None of these patients were known or 

30 suspected to be HIV-infected. Given the prevalence of HIV infection in Kampala 

{approximately 8%) it is unlikely that more than one subject in this group was HIV-infected. 
However, in view of the prevalence of PPD skin test reactivity in Kampala (approximately 
70% in HIV uninfected persons; reviewed in M. Schulzer a ai. "An estimate of the future 
size of the tuberculosis problem in sub-Saharan Africa resulting from HIV infection." Tuber. 

35 Lung Dis.. 73:52-8 [1992], and the published erratum which appears in Tuber. Lung Dis.. 
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73(4):245-6 [1992]), it is likely that 14 of the subjects in this group had been infected with 
M tuberculosis. Assuming a lifetime risk of tuberculosis of 10% in M. tuherculosis-inteciQd 
HIV-negative persons, and 70% in M, luberculosLs-mkciQd HIV-positive persons, it is likely 
that approximately one subject in this cohort will develop tuberculosis in the future due to 
recrudescence of latent infection. 

The amplified ELISA test system of Example 3 was used to test serum and urine of 
these patients. For this experiment, c^-ff values of 2 ng/ml and 20 pg/ml for urine and 
sputum, respective!:/, were selected. ese values, the sensitivity and specificity of the 
assay with these specimens were determn ; , d. For serum samples from non-tuberculosis 
patients. 21 were found to be negative, while one was positive. For serum samples from 
tuberculosis patients, 13 were found to be positive, while seven were found to be negative. 
Thus, for serum samples, the sensitivity was 35%, and the specificity was 95%. For urine 
samples from non-tuberculosis patients. 21 were found to be negative, and none were found to 
be positive. For urine samples from tuberculosis patients, eight were found to be negative, 
while 13 were found to be positive. Thus, for urine samples, the sensitivity was 62%. and the 
specificity was 100%, Figure 6 graphically shows the results with the urine, while Figure 7 
shows the results with the serum samples from these patients. 



EXAMPLE 8 
Alpha Antigen Detection in Urine 
of HIV-Positive Tuberculosis Patients 

In this study, urine samples from two cohorts of HIV infected subjects were tested 
using the ELISA assay described in Example 3. The first cohort was composed of Ugandan 
patients and the second was composed of HIV patients from Cleveland. Ohio. The Ugandan 
HIV-infected patients were diagnosed with tuberculosis based on the observation of a 
tuberculosis-compatible chest radiograph, a positive sputum AFB smear, and confirmatory 
growth of M tuberculosis on culture of sputum. These patients were determined to be HIV-1 
infected by the same commercial serum ELISA test described in Example 7. 

A control Ugandan group, composed of Ugandan HIV-infected patients without 
tuberculosis was identified in the course of evaluation and enrollment in tuberculosis 
preventive therapy studies in Uganda. These individuals had originallv presented at 
anonymous HIV testing centers in Kampala, were found to be seropositive, and were referred 
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HIV-infected Ugandans without tuberculosis were enrolled through their participation 
in a placebo control arm of a study of preventive therapy for tuberculosa in HIV-infected 
persons. These subjects had chest films and sputum cultures a. regular intervals which were 
negative for tuberculosis. The median CD4 cell count of this group was 355/uL. 

Ugandans without tuberculosis, and who were not known to be HIV-infected, were 
recruited thro.. , Clinic at Mulago Hospital. Kampala. This group consisted of 

patients with chr„ silis 0 r asthma, normal chest radiographs, not known to be HIV 

seropositive, and nev c; . . ,,g had M. tuberculous identified in sputum, and not known to 
ever have been treated with any antituberculous drugs. Based on the prevalence of HIV 
seroreactivitv and tuberculin skin test reactivity in Kampala, approximately 15 (70%) of these 
subjects were likely to PPD positive, and no more than 1-2 (10%) were likelv to be HIV 
seropositive. Approximately half of the Ugandan population was vaccinated once w.th BCG 
in infancy. However, tuberculin skin test reactivity in Ugandan adults is not affected bv the 
administration of BCG during infancy (i.e., as indicated by the presence of a BCG scar,: this 
is thought to reflect infection with M. tuberculosis. 

HIV-infected persons at low risk for tuberculosis were recruited at University 
Hospitals. Cleveland. Ohio, through the AIDS Clinical Trials Unit. The incidence of 
tuberculosis among American-born persons in the greater Cleveland area was 3.2/100.000 in 
1994. one of the lowest among metropolitan areas in the United States. Subjects from this site 
were studied if they were not known to have disseminated MAC. tuberculosis, or a h-tory of 
a positive tuberculin skin test, and had not emigrated from a country with a high risk of 
tuberculosis, and had not been given preventive therapy for tuberculosis. The other HIV- 
related infectious diagnoses in this group included six patients with Pneumocysus carina 
pneumonia (PCP). five patients with cytomegalovirus (CMV) infection, eight patients injected 
with herpes simplex virus or herpes zoster, five patients with candidiasis, one patient with 
toxoplasmosis, one patient with syphilis, one patient with cryptococcosis, two patients with 
tracheobronchitis due to Xan.homonas or Pseudomonas. and two patients with unspecified 
hepatitis. The median CD4 cell count of this patient group was 170/ul. 

Subjects from this sue identified with disseminated .»/. avium infection (MAC) were 
diagnosed on the basis of positive blood or lymph node culture in the setting of a compatible 
clinical presentation. Two of the 7 subjects had simultaneous blood cultures which were 
positive and had not yet begun treatment for MAC. The median CD4 cell count of th.s group 
was 20/u.l. 
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TABLE 2. M avium Detection 



Initial CFU 


Days to GI >30 


Days to Alpha Antigen 
1 u pg/mi 




4 


4 


iu-- 


5 






b 


6 


10' 


s 


7 



Nonetheless, these results indicate that the present invention may be used for the 
10 detection of alpha antigen in culture filtrates. 



EXAMPLE 7 
Alpha Antigen Detection in Urine and Serum 
] - of HIV-Negative Tuberculosis Patients 

In this Example, urine and serum obtained from Ugandan tuberculosis patients not 
infected with HIV. as well as tuberculosis-negative. HIV-negative controls were tested using 
the amplified ELI S A' assay described in Example 3. 
20 These HIV-negative patients with tuberculosis had presented to the Uganda TB Control 

Programme referral center at Mulago Hospital. Kampala, the clinical site of the Case Western 
Reserve University TB Research Unit. Pulmonary tuberculosis was diagnosed on the bas.s of 
a compatible chest radiograph, a positive sputum AFB smear, and confirmatory growth of 
M. tuberculosis on culture of sputum. These patients were determined to be HIV-1 uninfected 
25 by commercial serum ELISA test system (Cambridge). Urine and serum specimens were 
obtained for antigen detection assay prior to initiation of therapy for tuberculosis. 

Control subjects without tuberculosis were identified from among patients under 
treatment for conditions other than tuberculosis, at the Pulmonary Clinic at Mulago Hospital. 
Their diagnoses were asthma and chronic bronchitis. None of these pat.ents were known or 
30 suspected to be HIV-infected. Given the prevalence of HIV infection in Kampala 

(approximately 8%) it is unlikely that more than one subject in this group was HIV-infected. 
However, in view of the prevalence of PPD skin test reactivity in Kampala (approximately 
70% in HIV uninfected persons; reviewed in M. Schulzer ci al. "An estimate of the future 
size of the tuberculosis problem in sub-Saharan Africa resulting from HIV infection." Tuber. 
35 Lung Dis.. 73:52-8 [1992]. and the published erratum which appears in Tuber. Lung Dis.. 

- 43 - 



SNSDOCID: <WO 980491 8A1 J_> 



WO 98/04918 PCT/US97/13235 

Persons at low risk for HIV infection were identified among laboratory and university 
personnel. Subjects in this group who had not previously had a positive tuberculin skin test, 
and who had not been tested within the past year, were skin tested tested after urine 
collection. Information was collected from these subjects regarding BCG vaccination and 
5 country of origin. Subjects were excluded if they had been given preventive therapy for 
tuberculosis. 

Tuberculin skin testing was performed by the Mantoux method usinc 5 T.U. 
(tuberculin units) with PPD. Induration was read at 48 hr. Results were scored as positive if . ~ 
induration was >5 or 10 mm in HIV-infected and uninfected subjects, respectively. In healthy 

10 American subjects, only a 0 mm response was read as negative, and subjects with reactions of 
from 1 to 9 mm were not included in the study. 

Dual color flow cytometry was performed for enumeration of CD3+ and CD4+ cells. . 
Growth of A/, tuberculosis on culture was confirmed by standard methods, based on colonial 
morphology on Lowenstein-Jensen medium, nitrate and niacin positivity, and resistance to 5% 

15 thiopencarboxylic acid hydrazine. 

Alpha antigen was detected by ELISA using a biotinylated monoclonal antibody 
TBC27 as described in Example 3. A standard curve was generated using serial dilutions of 
M tuberculosis culture filtrate in which the alpha antigen content was determined by 
densitometry analysis of colloidal gold stained blots, in parallel with Western blot using 

20 TBC27. as described in Example I. Pooled urine from PPD skin test-negative healthy 
subjects was used as a diluent for the standard. M. tuberculosis nitrate was prepared by 
precipitation in ammonium sulfate of spent Proskauer Beck medium from 8 week cultures of 
A7. tuberculosis strain H37Rv. as previously described in Example I. A/, avium filtrate was 
similarly prepared with the exception that the spent medium was supplemented with 1% 

25 dextrose (i.e.. as described in Example 6. 

The relative specificity of the capture monoclonal antibody for alpha antigen of 
M. tuberculosis when tested by western blot is shown in Figure 9. As shown in this Figure, 
there is a band of reduced intensity in the M avium lane, as compared with the M. 
tuberculosis lane. Representative standard curves using culture filtrates of M tuberculosis and 

30 A/, avium are shown in Figure 10. In Figure 10. the horizontal axis reflects total protein 
content of the respective mycobacterial filtrates. In M. tuberculosis filtrate, alpha antigen 
represents approximately 10% of total protein, as estimated by densitometric measurement of 
colloidal gold-stained blots. Thus, the threshold for detection of alpha antigen in this assay 
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was approximately 10 pg/ml. although in some experiments it was found to be as low as 1 
pg/ml. The mid-range sensitivity of the assay for M. avium was found to be 12-fold less 
sensitive than that for M. tuberculosis, when the two filtrates were compared based on total 
protein content. Approximately half of this difference can be accounted by the reduced alpha 
5 antigen content of M. avium filtrate (5% instead of 10% of total protein). 

At high protein concentrations, the assay was found to become progress.veiy less 
sensitive for M. avium filtrate, approaching a 100-fold difference at 1 ug/ml. In effect, this 
limited the maximum response to M avium filtrate to the equivalent of 1-2 no/ml 
M. tuberculosis alpha antigen. Additional specificity for A-/, tuberculosis may arise from 

10 differential secretion of proteins by the two species, in that following infection with equal 
numbers of organisms in Proskauer-Beck medium, growth of M avium is more rapid, but 
results in a lower concentration of secreted protein. 

Urinary alpha antigen levels were then evaluated in several groups of subjects, 
identified as follows, and represented in Figures 1 1 and 12. The results varied according io 

1 5 the TB and HIV status of the subjects. Log-transformed urinary antigen determinations from 
these subjects are presented in these figures, so that differences between groups can be 
distinguished over a wide range of values. As shown in these figures, among HIV- 
seronegative subjects, antigenuna was greatest in subjects with active untreated pulmonary 
tuberculosis. In this group, the median value was 2.24 alpha antigen (per mg/ml). Sixty-two 

20 percent of this group had values of 2 ng/ml or greater. Intermediate values were observed in 
two groups of subjects with latent infection with M. tuberculosis. These groups included 
Ugandan pulmonary clinic subjects with asthma and bronchitis, and healthy PPD-positive 
personnel from the American university cohort. None of the subjects in either group had 
received preventive therapy for tuberculosis. The degree of antigenuria did not differ between 

25 these two groups (median values of 79 and 50 pg/ml. respectively, in Ugandan and American 
subjects). Urinary antigen was undetectable in all but 2 of the skin test negative healthy 
American subjects. Only 1 of 18 subjects had antigenuria of >2 ng/ml. 

Among all HIV-seronegative subjects, the median values differed significantly among 
those with active tuberculosis, those with latent infection, and those who by skin test were 

30 uninfected, using the Kruskal-Wallis analysis of variance of ranks (p<.001). The non- 
parametric ANOVA equivalent was used because the data failed a test of normality. All three 

- possible pair wise comparisons also differed significantly (p<05. using Dunn s method). 
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Antigenuria was greater in the corresponding groups of HIV-infected subjects. For 
example, in HIV-infected Ugandans with and without tuberculosis, median urinary antigen 
levels were 4.3 and 8.3 ng/ml. respectively (p<00l for both when compared to correspond^ 
HlV-negative groups). The median urinary alpha antigen value in AIDS patients with 
5 disseminated MAC was 510 pg/ml: in those without MAC. it was 79 pg/ml. Antigenuria of > 
2 ng/ml was observed in only one subject without epidemiologic or culture evidence for 
.V/. mhercutoks infection. Among all HIV-positive subjects, the median values differed bv 
Kruskal-Wallis rank ANOVA (p<.001). Pairwise comparisons showed differences between 
cither Ugandan group and either Cleveland group (p < 05). but not in other comparisons. 
10 In HIV-seronegative persons, values of >2 ng/ml were diagnostic of active tuberculosis 

with a sensitivity of 62% and a specificity of 98%. Intermediate values (between 33 pg/ml 
and 2 ng/mn were consistent with either latent infection or active disease. These finding 
suggest that the mycobacteria in latently infected persons are not dormant, but rather are" 
metabolically active. Thus, it is contemplated that the antigen detection assay may have 
1 5 potential application to distinguish those skin test positive individuals with viable 

M tuberculosis from those whose infection has been eradicated, either by preventive therapv 
or a protective immune response. This may allow for greater selectivity ,n application of ' 
preventive therapy for tuberculosis. 

No antigen could be detected in approximately 10% of Ugandan tuberculosis patients 
20 regardless of HIV status. Antibodies to other pathogens such as HIV can be detected in ur.ne: 
it is possible that pretreatmem of urine specimens to dissociate alpha antigen immune 
complexes might increase the sensitivity of the assay. Alternatively, i, ,s possible that these 
pat.ents may be infected with another member of the M. tubcnulosi.s complex such as M. 
ufrivanum. about which relatively little is known regarding alpha antigen genetics or bioiogv. 
25 Urinary antigen levels in HIV-infected persons were, in general, higher than in HIV- 

seronegative persons, and the conclusions which can be drawn from test results are somewhat 
more limited. Values of >2 ng/ml were found only in subjects with active tuberculosis, or 
with likely exposure to tuberculosis based on epidemiologic factors. This degree of 
antigenuria in HIV-infected persons may be used as an indication for either tuberculosis 
30 chemotherapy or preventive therapy, depending on the results of additional tests. In this 
application, the antigen assay had a sensitivity of 84% and a specificity of 98%. 

Unlike in HIV-seronegative subjects, the degree of antigenuria in HIV-infected 
subjects did not differ between those with latent infection vs. active disease. The reason for 
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this is not known. Many of the HIV-positive subjects who were studied had very high antigen 
levels (>10 ng/ml). Thus, it is preferred that the sample contain antigen levels that are less 
than or equal to 10 ng/ml. It is contemplated that for samples with very high antigen levels 
(i.e.. > 10 ng/ml). dilution of the sample to an antigen concentration lower than 10 ng'ml may 
5 be desirable prior to analysis. Alternatively, it is possible that in dually-infected (HIV and 
M. tuberculosis) persons, the total mycobacterial burden may not be the main determinant of 
clinical disease, and that other factors, possibly immunologic, may be important in 
determining whether the infection causes clinical illness. 

Values between 33 pg and 2 ng/ml were identified in many HIV-infected Cleveland 
10 subjects who were without either active tuberculosis or epidemiologic evidence suggesting 
tuberculosis exposure. These levels were significantly greater than in HIV seronegative PPD 
skin test negative controls. The etiology of these results is not certain, but it may reflect 
latent infection with to Mycobacterium avium. The apparent clustering of values in the range 
of 1-2 nu/ml in samples from these subjects is consistent with the behavior of the assay with 
15 M avium filtrate. Disseminated infection with organisms of the Mycobacterium avium - 

intracellulare complex (MAC) is the most common opportunistic infection late in the course 
of HIV disease. The frequency of disease due to MAC rises from 3% per year for individuals 
with CD4 counts of 100-200/|il to 39% at CD4 counts of <10/|il. 



20 

EXAMPLE 10 
Detection of Alpha Antigen in Sputum 

In this Example, detection of alpha antigen was studied in sputum obtained from 
patients at the initiation of anti-tuberculosis therapy. In this study, multiple sequential 

25 expectorated sputum samples were obtained during the first two weeks of anti-tuberculosis 
therapy from a group of HIV-uninfected AFB smear-positive subjects who presented to the 
Case Western Reserve University tuberculosis research unit site at Vittoria. Brazil. The 
-sputum samples were homogenized by. adding 10 mg N-acetyl cysteine (.Sigma) and 10 3mm 
diameter glass beads (Fisher) to each 5-10 ml sputum sample. The samples were vortexed at 

30 room temperature for 1 minute. Aliquots of 200 \x\ were frozen at -70 U C until analysis. A 
total of 37 pretreatment specimens was obtained from 13 subjects. Using the amplified 
ELISA method described in Example 3. the mean alpha antigen concentration in the positive 
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specimens was determined to be 51 pg/ml. Every subject had at least one positive pre- 
treatmcnt specimen for a total of 28/37 or 76% positive. 

Subsequent sputum specimens were also available on days 2. 4. 7. and 14 post 
initiation of treatment, from 10 patients. The alpha antigen concentrations in these subsequent 
5 specimens from these subjects are shown in Figures 13-15. In these Figures, the results from 
one patient are shown in each panel. For three patients, only the pre-treatment specimen was 
determined to positive, and all subsequent specimens were negative. The results from this 
group of patients are shown in Figure 13. with Figure 13. panel A. showing the results for 
"Subject 1."; Figure 13. panel B. showing the results for "Subject 10."; and Figure 13. pane! 
10 C. showing the results for "Subject 1 1." In these patients, the mean initial value obtained in 
the amplified EL1SA was determined to be 27± 13 pg/ml. The length of time alpha antigen 
was detectable in these specimens expressed in terms of half-life was determined to be 0.6 
days. 

In nine of the 10 patients for which multiple sputum were tested, at least one 
15 subsequent specimen was positive. The results for these nine patients are shown in Figure 14. 
in panels A-F. with one patient's results being shown in each panel. As can be seen from this 
Figure, this group of patients tended to have higher initial antigen concentration than the first 
group, although this difference did not reach statistical significance (i.e.. the mean initial value 
was 41.4±I 1 pg/ml). The rate of disappearance of antigen from subsequent specimens from 
20 this group was found to be slower than in the first group, with a half-life of 5.6 days. 

In one patient, the level of sputum alpha antigen rose during treatment, as shown in 
Figure 15. Simultaneous quantitative CFU rose more than 10 fold during this interval. 
Quantitative CFU did not increase in any of the other subjects during this interval. 

These results indicate that the amplified ELISA method for detection of alpha antigen 
25 in sputum is suitable for detection of infection and/or disease with A/, mberculosis. 

Importantly, these results indicate that this ELISA method provides significant information for 
monitoring the progress of tuberculosis patients. 
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EXAMPLE 11 
Production of Other Monoclonal Antibodies for 
Alpha Antigen Detection 

In addition to TBC27 described and used in Example 3 above, other antibodies were 
5 produced for potential application in the purification and detection of alpha antigen of 
M. tuberculosis. These antibodies were developed by immunization six week-old female 
Balb/c mice (Charles River. MA) using the method of intrasplenic immunization (PC, 
Svalander et ai. "Imrasplenic immunization for production of monoclonal antibodies against 
mouse blastocysts." J. Immunol. Meth.. 105:221-7 [1987]). Mice were immunized with I u<, 
10 alpha antigen obtained from M. tuberculosis culture filtrate as described in Example 1. The" 
portion. of the nitrocellulose paper containing the alpha antigen was excised and the paper 
allowed to dry at room temperature. The paper was dissolved in DMSO (Sigma). It was then 
precipitated by the dropwise addition of sodium carbonate 0.05 M (Sigma). pH 9.6 The 
precipitated particles were then washed 3 times in 2 ml RPMI-1640 medium (BioWhittaken 

15 and suspended in a final volume of 1 ml. The immunization was performed by injection "into 
the spleen, using a 25 gauge needle. Animals were boosted with additional I u B twice at two 
week intervals, and sacrificed 2 weeks after the last boost. Spleen cells were fused to SP2/0 
Ag 14 myeloma cells (ATCC) using polyethylene glycol (Sigma) and were propagated in 
Dulbecco-s modified Eagle" medium (Sigma) with added hypoxanthine. aminoptenn. and 

20 thymidine. Supernatants of wells with visible growth were tested for antibody by ELISA 

using plates sensitized with M. tuberculosis filtrate as described in Example 2. Positive wells 
were expanded in culture, and the supernatants collected and kophilizcd. and the antibody 
was biot.nylated using a biotinylation reagent kit (Pierce, according to the manufacturer's 
recommendations, all as described in Example 2. 

25 Several antibodies specific for M. tuberculous alpha antigen were developed using the 

methods of this Example, including the antibody designated as "5C5." and "8G104.4." As 
shown in the Western blot in Figure 16. 5C5 and 8GI0 4 4 reacted only with culture filtrates 

° f M '"™™'><'™ andnot M -^rnaus or A/. „v,„„, Ijn.s. is contemplated that these - - 

antibodies will also be useful in the amplified ELISA and provide increased specificity. 

30 However, with 5C5. cross-reactivity was observed, as described in Example 12. 
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EXAMPLE 12 
Use of 5C5 for Detection of 
Alpha Antigen in Urine 

In this Example, antibody 5C5 produced as described in Example I I above was tested 
for its ability to detect M. tuberculosis alpha antigen in urine. The amplified ELISA method 
and patient groups described in Example 7 were used, with the exception that instead of using 
TBC27. 5C5 was used ( /'. c. : the samples were retested with 5C5 in place of TBC27). 

The results of this study are shown in Figures 17 and 18. As shown in Figure 17. this 
antibody was capable of detecting antigen in urine. However, as shown in Figure 18. an 
apparent specificity to AY. tuberculosis as determined by Western blot [sac Figure 16) does not 
ensure success in the diagnosis of tuberculosis, as cross reactivity can arise. In Figure 18. 
lane 1 contained AY. tuberculosis, while lane 2 contained M. avium filtrate. As shown in 
Figure 18. when biotinylated 5C5 was substituted for TDC27 in the alpha antigen ELISA. the 
test was of less value than the use of TBC27 for tuberculosis diagnosis, regardless of HIV 
status (i.e.. the results were of no value for either the HIV-positive or HIV-negative patient 
groups). The spurious results were in part due to unexpected cross reactivity of the antibody 
with proteins expressed on the surface of normal human monocytes, detected by 
immunohistochemistry of infected cells. 



EXAMPLE 13 
Use of Synthetic Peptides to Produce 
Monoclonals Specific for Alpha Antigen of M. tuberculosis 

In this Example, the possibility of using synthetic peptides to produce antibodies 
directed against M. tuberculosis alpha antigen was investigated. The amino acid sequences of 
the alpha antigens of AY. avium and AY. tuberculosis are compared in Figure 19 (SEQ ID NOS: 
I and 2). In this Figure, residues which differ between the two species are emphasized in 
bold face. As shown in this Figure, extensive identity is apparent (87%) between the alpha 
antigens of these two species. 

Upon inspection, potentially species-specific peptides were identified beginning at 
amino acid residues 147 and 229 of AY. tuberculosis (SEQ ID NOS: 3 and 4). SEQ ID NO: 3 
is comprised of the amino acid sequence "QWLSANRAVKPTGSAAl": while SEQ ID NO: 4 
is comprised of the amino acid sequence "ERNDPTQQIPKLVAN." 
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These peptides were hypothesized as representing sections that were specific to 
particular species of Mycobacterium. Searches were performed using the Hntrez database 
search engine at the National Center for Biotechnology Information at the National Library of 
Medicine. This search engine is based on a program developed by ST. Altschul termed 
"BLASTP," which is used to identify homologous sequences in the combined PDB. 
SwissProt. PIR. GenPept. and GPupdate databases (S.F. Altschul et ai. "Basic local alignment 
search tool." J. Mol. Biol.. 215:403-10 [1990)). A facility to search these databases for 
homologous sequencv as been established by the National Library of Medicine, and was 
accessed by the Inte URAL http://www3. ncbi.nlm.nih.gov/Hntrcz/index. html. The 

se;v- engine allow ;er to supply an animo acid sequence. It returns a list of all 

potentially homotoi. iences which have been stored in its database. The engine is 

designed to identify s *s which are identical, which have similar amino acid residues in 

terms of charge or size. i have intervening inserted sequences, or which have deletions. 
However. -in the comparison, the "expect" search parameter was increased from a default of 
10 to 1000 to increase the reporting of even marginal matches. 

As a control, a similar search was performed for a 17 amino acid intervening sequence 
"DQFIYAGSLSALLDPSQ" (SEQ ID NO: 5) , which begins at residue 181 of the U avium 
antigen sequence, and represents a consensus region that is shared among the species of the 
Mycobacterium genus. This sequence differs by one amino acid from the homologous stretch 
in the A/, tuberculosis amino acid sequence. In the A/, tuberculosis sequence, the first "D" is 
replaced with a "Q" (i.e.. the entire sequence is "QQFl YAGSLSALLDPSQ" (SEQ ID NO: 
8). 

The results of these three searches are shown in the following Tables. These data 
were divided into four tables. The first table (Table 3) shows the comparisons for strains of 
mycobacteria. The second table (Table 4) shows the comparisons for various potential human 
pathogens. The third table (Table 5) shows the comparisons for various human peptides. The 
fourth table (Table 6) shows the comparisons for peptides from other organisms. 

The data in these Tables are displayed as the percent identity/homology between the 
target sequences and its best match in another species. Those matches with > 65% identity or 
> 80% homology are highlighted in bold. Items marked with an asterisk (*) required folding 
of at least one sequence for optimal alignment: the degree of homology of these matches is 
likely overestimated. No homologous sequences were identified for those entries left blank. 
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Table 3. Search Results for Peptides from Vario 
Mycobacteria and Three Peptide Sequences 
of Alpha Antigen of M tuberculosis 
(% identitv/%homology) 







Amino Acid 147 


Amino Acid 229 


Amino Acid 181 




M. tuberculosis: 










85-B 


100/100 


100/100 


100/100 




85-A 


71/76 


58/76 


70/88 


10 


85-C 


59/76 


76/88 


53/65 




AY. bovis: 








85-B 


100/100 


100/100 


100/100 




Bovis aniigen 


71/76 


58/76 


"7 f\ t O O 

7()/« 8 




85-A 


71/76 


58/76 


70/88 




MrB5 1 


53/71 








AY. avium 85-B 


47/82 


58/82 


100/100 




M. intraccllulare 
Alpha Antigen 


58/88 


70/82 


94/100 




AY. kctnxasii 85-B 


88/100 


70/88 


94/100 


20 


\l. scrofulaccum 
Alpha Antigen 


64/94 


82/88 


94/100 




AY. leprae. 








85-A 


52/88 


58/76 


70/76 




85-B 


70/88 


70/76 


81/93 


25 


85-C 


59/76 


76/88 


53/65 
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Table 4. Search Results for 
Various Human Pathogens and Three Peptide Sequences 
of Alpha Antigen of A/, tuberculosis 
(% identity/%hoinoIogy) 

s 







Amino Acid 147 


Amino Acid 229 


Amino Acid 1 8 1 




Cox id la trxB, spoIIIE 




J)/ 






D-aia-D-ala 
Carboxypeptidasc 






4 1 /76* 


] 0 


Aspergillus P4:>0 5j 




Dv/o2 






t. cou tus 










Corynebactcrium 
iron protein 




_0/5j 




15 


Simian 

Paramyxovirus 




59/82* 






Bacillus cellulase 




41/65* 






Bacillus 6 endotoxin 


35/71 








Human Adenovirus 




53/76* 






Human Rotavirus A 




59/59* 




20 


Human Herpesvirus 




29/71 






Hepatitis C 




29/35* 






Candida p450 






41/65 




Saccharomyces 






53/82* 




Yeast DNA helicase 






53/82* 



25 
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Table 5. Search Results for 
Human Peptides and Three Peptide Sequences of M tuberculosis 
(% identity/%homology) 





Amino Acid 147 


Amino Acid 229 


Amino Acid 181 


Tyrosine phosphatase 


41/76* 






Testican 


65/71* 






Isocitrate 
dehydrogenase 






35/47 


i -ecu receptor 
d Chain 


29/ 5 j 






TEGT (Testis 
enhanced gene 
transcript) 






53/59* 


Granulocyte Colony 
Stimulating Factor 






41/53 



Table 6. Search Results for 
Various Organisms and Three Peptide Sequences 
of Alpha Antigen of M. tuberculosis 
(% identiry/%homology) 





Amino Acid 147 


Amino Acid 228 


Amino Acid 181 


Simian Herpesvirus 
Protein 


59/76* 






Cladosporium gag 
Protein 






59/59 


Arabidopisis meri 5 






65/71* 


Rice Photosystem II 


35/35* 






Cyanophora 
Photosystem 11 


47/47* 






Maize Photosystem II 


29/29* 






Wheat Photosystem II 


29/29* 






Sfwwanella Fumarate 
Reductase 


47/59 






Rubus 

Pyrophosphatase 


59/71* 
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Table 6. Search Results for 
Various Organisms and Three Peptide Sequences 
of Alpha Antigen of M tuberculosis 
(% identity/%homology) 



20 





Amino Acid 147 


Amino Acid 228 


Amino Acid 1 8 1 


Mouse Pax- 1 Protein 


41/41 






Kluyveromyccs g6p 
I so rase 


41/51* 






Cya; 'rium ATP 
Synth- 


47/53 






AlcciliwYiCK C^nrR 








d cuzriorhcihLlit is 
C14B9.5 


53/6S 




4 1/65 


Synechococcus 
Protein 


47/53 


29/4 i 




Methylophilus DCM 
Dehalogenase 




47/65 




Drosophila 




41/65 


^ / > \j _ * 


Xylano Hydrolase 




41/65* 




Curcurhita 






59/59 


Arubidopsis 






53/88* 


Gallus BRM Protein 






35/53 


Impatiens Spot Virus 






41/76 


Phascolus Tonoplast 






41/71 



EXAMPLE 14 
Use of Synthetic Peptides to Produce 
Monoclonals Specific for Alpha Antigen of M. avium 

In this example, an alternative approach to identification of MAC-speciilc secreted 
antigens was designed based on identification of species-specific epitopes of characterized 
antigens. The amino acid sequences of alpha antigens of A 1. avium and M. tuberculosis are 
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compared in Figure !9 [i.e.. SliO ID NOS- I ™H o> \ c a ^ • i- 

v iu iNuy i and J). As discussed in txample 13. extensive 

identity is apparent (87%). 

In .his study, two candid^ sequences were idemitlcd which ^ ^ 
specific responses to U „w,™ alpha antigen. The firs,. ,SEQ !D NO: 6) w,,h ,he sequence 
5 "SYLASNKGVKRTGNAAV." begins a, residue ,47. The second ,SEQ ID NO 7) with „,e 
sequence "QRNDPSLHIPELVGH." begins a, residue m To determtne the potential for 
broad species specificity in ,hese re,ions. searches were performed w.tn these amino acid 
sequences us,„ e BLASTP to tdemifv humorous sequences in the combined PDB. SwtssPro, 
PIR. OenPep,. and GPupdate databases a, the NCBI as described for ,he above Example The 
1 0 expect" search parameter was increased from a default of 1 0 to 1 000 ,o increase the 
reporting of even marginal matches. 

As a control, a similar search was performed for a 17 amino acid intervening sequence 
(SEQ ID NO: 5). with the sequence "DQFIYAGSLSALLDPSQ." which becins at residue .8. 
of the M. avium alpha antigen sequence, and differs by only one ammo acid from the 
1. homologous M. tuberculosis sequence (SEQ ID NO: 8). As indicated above, this stretch 
represents a consensus region. 

The results of these three searches are shown in the followinu Tables. These data 
were divided ,n,o four tables. The first table (Table 7) shows the comparisons for strains of 
mycobacteria. The second table (Table 8) shows the comparisons for various potential human 
20 pathogens. The third table (Table 9) shows the comparisons for various human peptides The 
fourth table (Table ,0) shows the comparisons for peptides from other organisms. 

The data ,n these Tables are displayed as the percent identitv/homologv between the 
targe, sequences and its best match in another species. Those matches wuh > 65% identity or 
> 80o/o homology are highlighted in bold. Items marked with an asterisk <*, required foldin- 
2, ol at least one sequence for optimal alignment: the degree of homolocy of these matches is " 
l.ke.y overestimated. No homologous sequences were identified for those entries left b.ank 
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Table 7. Search Results for Peptides from Various 
Mycobacteria and Three Peptide Sequences of Alpha Antigen of M avium 

(% identit\7%homology) 



20 





Amino Acid 147 


Amino Acid 229 


Amino Acid 181 


M avium Alpha 
Antigen 


100/100 


100/100 


100/100 


/V/. intracellular 
Alpha Antigen 


82/88 


80/86 


88/100 


M. ho vis : 

85-A 
85-B 
85-B 

BCG Antigen 

MPB51 

MPB70 
/MPB80 




47/71 


46/80 


71/88 


47/82 




94/94 


47/82 


53/80 


94/94 


47/71 


46/80 


71/88 


47/76 




53/71 


41/53* 






M kansa.sii 85-B 


53/82 


87/93 


88/94 


A /, leprae: 

85-B 
85-C 

MPT5l-like 
Protein 

ul740g 




65/76 




76/82 


47/76 


53/66 


88/94 


64/76 


53/73 


59/71 






53/71 






47/59 


M scrofulaceum 
Alpha Antigen 


71/76 


66/93 


88/94 


M. tuberculosis 
85-A 
85-B 
85-C 




47/71 


46/80 


71/88 


47/82 


53/80 


100/100 


64/82 


53/73 


59/71 
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Table 8. Search Results for Other 
Pathogens of AIDS Patients and Three Peptide Sequen 
of M. avium Alpha Antigen 
(% identity/%homology) 



ces 



iromonas p-lactamase 




'villus ORFY 

'villus Fbp 5 

ndida P-glucosidase 

lamydia ItuA Gene 
)duct 



mophilus HhdA 

nophilus Preprotein 
slocase 
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Table 8. Search Results for Other 
Pathogens of AIDS Patients and Three Peptide Sequences 
of M avium Alpha Antigen 
(% identity/%homology) 







Amino Acid 147 


Amino Acid 229 


Amino Acid 181 




Mycoplasma genital mm 
(random genomic) 






65/71* 




Neisseria DTDP- 
Glucose-46-Dehydratasc 






41/59 


5 


Neisseria meningitidis 
UDP- 

Glucosy transferase 






4 loV 


10 


Neisseria meningitidis 

UDP-Glucose-4- 

epimeras 






41/59 




Pseudomonas 3-methyi- 

2-oxobutanoate 

Dehydrogenase 




33/40 




15 


Pseudomonas Alkaline 
Phosphatase H 




40/60 






Pseudomonas putida 
bkdA2 Protein 




33/40 






Saccharomyces ORF 
233 Gene Product 


41/53 






20 


Saccharomyces 
Hypothetical Protein 
Ykl ' 




53/67* 






Saccharomyces Tubulin 
Suppressor 




3 3M7 




25 


Saccharomyces 

Ubiquitin-activating 

Enzyme 






47/59 




Saccharomyces 
(Unknown Protein) 








30 


Salmonella DTDP- 
Glucose 46-Dehydratase 






47/70 




Schizosaccharomyces 
Hypothetical 26.9 kD 






35/65 
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Table 8. Search Results for Other 
Pathogens of AIDS Patients and Three Peptide Sequen 
of A/, avium Alpha Antigen 
(% identity/%homologv) 





Amino Acid 147 


Amino Acid 229 


Amino Acid 181 


Schizosaccharomyces 
(Unknown Protein) 




4 /.O j> 




Shigella DTDP-Glucose 
46-Dehydratase 






47/65 


Shigella rfbB Protein 






47/65 


Streptococcus faecal is 
plasmid pAM 


41/65* 






Streptococcus 
agalactiae MSL 


41/65* 






St rep to myces 3 - 
Dehydroqumate 
Dehyrogenase 




40/67* 




St re ptont vces 
Hypothetical Protein 
00929 




47/53 




Streptomyces Phospho- 
rs -acetyl transferase 




40/67 




Treponema Flagellar 
Filament Core Protein 


35/59 






Variola Major Core 
Protein p4b 


53/65* 
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Table 9. Search Results for 
Human Peptides and Three Peptide Sequences 
of M avium Alpha Antigen 
(% identity/%homology) 





Amino Acid 147 


Amino Acid 229 


Amino Arid \R\ 


Band 3 Anion 
Transport Protein 






SI/SO* 


Histidine 
Decarboxylase 




47/47 




Ig Kappa Liuht Chain 
(VJC) 


47/59* 






MET Gene Product 


41/4! 






Protein-Tyrosine- 
Phosphatase 




47/60 




Protein tyrosine 
phosphatase PTPHi 






35/47 


T-cell Factor 1 Splice 
Form F 




40/47 




Transforming Protein 
(N-myc) 




60/67* 





Table 10. Search Results for 
Various Organisms and Three Peptide Sequences 
of M avium Alpha Antigen 
(% identit>7%homology) 





Amino Acid 147 


Amino Acid 228 


Amino Acid 1 8 1 


Arabidopisis meri 5 






53/65* 


Cavnorhahdhis 
F52C9.3 Gene Product 




40/60 




Caenorhahditis 
C32D5.12 Gene 
Product 






53/76 


Caenorhabditis 
Hypothetical 53.4 KD 
Gene Product 






41/65 
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Table 10. Search Results for 
Various Organisms and Three Peptide Sequences 
of M. avium Alpha Antigen 
(% identity/%homology) 







Amino Acid 147 


Amino Acid 228 


Amino Acid 1 8 1 




Cucnorhahdilis LIN-9 
Protein 


J J/OD 








C \ic norhahdil is 
ZK637.6 








5 


Dioscorea Storage 
Protein 






47/71 * 




Dog Cytochrome C 


53/71* 








Drosophila Furin 2 




53/60 




10 


lji ( jf/rt 1 1 Li nuiucooox 
Protein 


41/53* 








urosopniiu isanesm- 
Like Protein 


47/71 








Drosophila Maternal 
Tudor Protein 






47/64 


1 J 


Hulobucfcriiwi 
Ribosomal Protein S8 




47/47* 






Hordeam Lipid 
Transfer Protein 


59/71* 






20 


Horse f-cell Antigen 
CD2 




60/80* 






Impatiens Virus M 
Polyprotein 






41/76 




Lamb's Quarters 
Hypothetical Protein 






47/65* 


25 


Metalloproteinase 
Inhibitor 


65/76* 








Mvthcmosarcina vhtC 
Gene Product 




33/60* 




30 


Mouse 

Metalloproteinase 
Inhibitor 1 


65/76* 








Populous cellulase 


43/59 
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Table 10. Search Results for 
Various Organisms and Three Peptide Sequences 
of M. avium Alpha Antigen 
(% identity/%homology) 



15 



20 





Amino Acid 147 


Amino Acid 228 


Amino Acid 1 8 1 


Rat Dodecenoyl-CoA- 
Delta Isomerase 


41/59* 






Rat Lactogen Receptor 
1 




47/60 




Rat Prolactin Receptor 
2 




47/60 




Rhodococcus 
Lipoprotein 






47/59 


Rice Cysteine 
Proteinase Inhibitor 


47/71 






Seal Cytochrome C 


53/71* 






Spinaau 

Phosphoglucomutase 






41/70 


Strawberry Virus Coat 
Protein 




47/53 




Styela Homeobox 
Protein . 




47/53* 




Sty (onychia DNA 
Polymerase 11 




47/53 




Synechocystis 
Hypothetical Protein 


41/53 


53/67 


41/53 


Tobacco Superoxide 
Dismutase 


47/71* 






Tomato Virus M 
Polyprotein 






41/65 


Xenopus Activin Beta B 
Subunit 




53/67 - 


4-1/59 - 



As shown in the above Tables, the potentially species-specific sequences generally 
30 established a high degree of similarity only with A/, intracellulars a member of the MAC 

complex, and with A/, scrofulaccunu an uncommon pathogen. Little similarity was noted with 
proteins of other species. 
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An additional directed search was performed to compare these same three ,1/ avium 
sequences with the PS1 secreted antigen of the corynebacteria. which is a protein of 
approximately 30 kD. and which may be a member of the alpha antigen familv (G. Joiiff 
at. "Cloning and nucleotide sequence of the cspl gene encoding PS1. one of the two major 
> secreted proteins of Corynebaacnum .Uuamicum: the deduced N-tcrminal reeion of PS 1 is 
similar to the Mycobacterium antigen 85 complex." Mol. Microbiol.. 6:234Q-2362 floor,) 
The same methods were used ,n making these comparisons as described above. The results of 
this study indicated only that there was only 24% identity and 40% homolouv. suiting that 
cross-reactivity between the XI. avium alpha antigen and that of the corvnebacteria was 
10 unlikely. 



EXAMPLE 15 
M. avium Alpha Antigen Peptide Sequences 

15 Based on the analysis performed in Examples 13 and 14. peptides were synthesized 

representing two potentially species-specific sequences of A* avium alpha antigen. The first 
of these sequences was "SYLASNKGVKRTGNAAV" (SEQ ID NO: 6). which begins at 
residue 147. The second sequence was "QRNDPSLHIPEL VGH" (SEQ ID NO: 7) which 
begins at residue 229. The peptides were synthesized on 1 u polystyrene microparticles by 
20 the commercial MacroMolecular Structure Analysis Facility of the University of Kentucky. 
Lexington. KY. 

in the synthesis of peptides, peptides are ordinarily cleaved from the solid support at 
the completion of the synthesis. However, for the purpose of immunization, allowina the 
peptides to remain on the beads may offer several advantages. First, the particles themselves 
2. have a modest adjuvant effect, and they may be injected intrasplenically directly (without use 

of nitrocellulose particles). 

Two groups of mice as described in Example 6. above were immunized with these 
peptides using both intrasp.emc and conventional protocols as described in Example 6 above 
One animal from each group was bled to test for development of serum antibodv auamst the 
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peptides. One antibody preparation which recognized the native 30 kD alpha antigen and no 
other proteins in A/, avium filtrate was obtained with immunization with the 229 peptide. 
Western blots of serum from these mice are shown in Figure 20. These Westerns were 
prepared in the same manner as described for Example 1. 

In addition to these preparations, it is a,. • vr! that additional monoclonal and/or 
pt; ...rial antibodies be prepared that are useful in the pr^nt invention. 



EXAMPLE 16 

iO O of the Reactivity of K-II Serum 

Alpha Antigen Antibody 

In this exampie. a sent:: ^sorption studies were conducted to demonstrate 

that one of the antigens recognize.. for "Kris") serum described by Sippola ci ai 

(Sippola et al.. "Mycobacterium avium antigenuria in patients with AIDS and disseminated A7. 
15 avium disease." J. Infect. Dis., 168:466-8 [1993]) is alpha antigen, as well as to show that the 
22.5 kD to 25 kD protein present in M. avium filtrates, is not present in A/, tuberculosis 
filtrates. 

To prepare the K-II serum, an adult goat was immunized by an initial injection of an 
emulsion of 1 mi incomplete Freund's adjuvant (Difco) 10 mg heat-killed, dried A/. 

20 intracellularc serotype 5 (ATCC 35768), and 10 mg dried culture filtrate of M intracellularc 
serotype 5. propagated and prepared as described above in Example 1 with glucose added to 
the medium. The animal was boosted twice with injection of the same quantity of M. 
intracellularc culture filtrate. 

In this example. Western blots of culture filtrates of A/, avium and A/, tuberculosis 

25 were used to demonstrate the reactivity of the K-II antiserum, and the antibodies produced in 
Example 2. The Western blot analysis was performed as described above in Example 1. The 
K-II serum was either used diluted 1:5000 in TBS, or was prctreated by addition of 100 ^g 
M tuberculosis culture filtrate per 5 ml of diluted antiserum, incubated 4 hr at room 
temperature prior to use in Western blot. The results of this study are shown in the Western 
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F 'S"«2, ( pane/sA-c, a „ d „ . 

■ >o, d , as „ osis or ; - tor „ ljs proidn _ n 

" »w™ pnxe.n an,i 8 cns in , 

r * ~ * ~ ~* - - ^ 

" W "PoP'Otcin ,J. Nair „ a , , TlKW "><='"*= a 37 kD 

anion of a " tilnH , ' ucleo,ld » sequence a„ a | vsis anrf 

-/•Mlodalion Mvcobacieri„~ serologic 
'f'Wj). and 22 and „ kD """"" ""'»««./<»v npop role , n ,. , 

no prolans founding.,,,, , ' lm ™n • 

£P " 0Pe M is.*™ of ^ n,v co * 

' an " eenS " **«• 5 8 :,7-20 (l , " h *""*"""*» 



EXAMPLE 17 
** <»■«»» 25 kD Pro(ei„ 



^P'e..l,-,de„„, Vor , llc , 5kD : ,me,n 

fc — ,„ E , ample z ^ s orMAc 

*» l**in. and ,, vorldomas afe " ° "onoc/ona, amibodie 
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In adduional exponmems. K-ll serum preadsorbed aya , nsI , |]e 
subs.i.uted for the BCO antiserum. As K-1, scrum ls a goal amiscrum ^ " ' 

anttbody used here is an ami-goa. ^body. ra.her ,l,an the ami-rabb,, antibodv used in ,he 
previous Examples. 

5 These Examples dearly show tha, the amplified ELISA svstem of the presem 

mven.ion can be used ,„ de.ee, urinary mycobac.er.al a„„ge„ ,„ pa,,e„, s w„h ia.en, and ac.vc 
mfeco,, The ,es. ,s p. v valuable for d.agnos.s of tuberculosis because „ can be 

apphed to Huids remote „ site of active inftclioi , „ is rapid . , nexpensjve - 

techntcally straightforward , thus has potentia, application i„ less-developed reg.ons of the 

world where laboratory facilities and financial resources for tuberculosis control are limited 
U has the added advantage that an additional clime visit ,,'cr sk ,„ , e s, reading, ,s no, required 
The assay may be useful in diagnosis of la,en, infecon in persons in whom PPD ski,, ,es,i„u 
,s unrehablc. as i, detects microbial products rather than measur.ng the host response I i„alK 
smce ,hc assay detects a secreted (rather than cell-associa.ed, anliec, ,,s decline durinc 
1 .herapy of either latent of active infection may be a useful, early marker of treatment success 
Lastly, ,h,s ,s the only method currently described which can po.cn.iaHy be used ,o monitor 
the effectiveness of preventive therapy. 

In summary. ,l,e presem invemion provides numerous advances and advances over 
.he pr,or ar,. including: ( I ) much grea.er seasittv.ty. (2) much grea.er sa.etv. us there ,s no 
20 s P ,llage. nor aerosolization of bac.eria. cul.ures dur,„ E biochem.cal testintt methods: and 
•he overall process for performing mul.iple ,es,s is ex.rcmcly simple and efficiem. rec |u ,rin, 
very h.tle labor on the par, of ,he microbiologic All of these advances enhance the speed 
and accuracy of scoring tes, resuhs in studies to detect H ,„ h < mil<m s in fec„on and Jtsease 
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SEQUENCE LIST 



ING 



oberc s . 
DETECTION OF MVCOBACTE 



HI A 



:s : 

' N & CARROLL, LLP 
gomerv Screer c • 
sco eec ' Suice 2 



2200 



3taces of Ameri 



ca 



•PV disk 
compatible 

p C- DOS /ms -DOS 
n Rel6ase #1-0, versi 
TA: 

IT ?L 08/6 90 '34 7 
7 L- 1996 



on #i.3o 



ION: 

amrin t 

R = 33,230 

•JMBER: CASE-o-270 

NATION : 
'5-8410 
3338 



:ids 

-•levant 
nt 



ID NO; i : 

- e Arq /. : j t 

9 l;, d Tr P G'X Arg Arg Leu Met 

15 

■1 Leu Pro - ■ . , - 

2S Vai Gly Leu 

30 



a Phe s- r „ 

--'-7 Pro Glv 



45 



Y Leu p ro VaJ 



3 Ser »~ - .. A 

Arg Asd 
6G 



-le Lys Va: 



s " Pro ?i* t » * j ;p 
A *° ^ a,p „. A5n Thr " 

95 

7} - 
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Ala Phe Glu Trp Tyr Tyr Gin Ser Gly Leu S er n , v i „ 

100 'J u ber iie Val Met Pro Val 

Ub 110 
01. «ly Jin Ser Ser P he Tyc , A=p Tfp ^ ^ ^ 

X * C 125 ' 

Lys Ala Gly Cys Gin Thr Tvr Lys Tm Gin Th>- D u , 

130 !3c ' P Giu Thr Phe Leu Thr Ser Glu 

XJi 140 

Leu Pro Gin Trp Leu Ser Ala Asn Am ^ a w i T 

145 * ■ 150 la ASri Ar ^ Aia yal Lys Pro Thr Gly Ser 

155 160 

«a AX. Ile 0ly ser Met Ala 01y f e c Ser Ma Her Ue Leu Ma 

170 1?5 

Ala Tyr His Pro Gin Gin Phe Ile Tvr Ma r* i ^ 

180 |^ Ala Giy Ser L <^ Ser Ala Leu 

185 190 

Leu Asp Pro Ser Gin Gly Met Gly Pro Ser Leu lie - 

195 200 1 JLjSU Ala Met 



205 



Gly Asp Ala Gly Gly Tyr L Ala Aia Asp ^ p q 

220 

Asp Pro Ala Trp Giu Arg Asn Asp Pro Thr Gin Gin lie Pro Lys Leu 

235 240 
Val Ala AS n Asn Thr Arg Leu Trp Val Tyr Cys Gly Asn Gly Thr Pro 

Asn Glu Leu Oly Gly Ala Asn lle Pro Ala Glu Phe Leu Glu ^ phe 

265 270 

Val Arg Ser Ser Asn Leu Lys Phe Gin A^n m a t, 

275 nan P a T/r Asn Ala Ala Gly 

280 2Q5 

Gly His Asn Ala Val Phe Asn Phe Pro Pro Asn n v tk u c 

290 oqc sn Thr Ser Trp 

300 

Glu Tyr Trp Gly Ala Gin Leu Asn Ala Me- w c * 

305 310 AXa ' le - L i /S G -V' Asp Leu Gin Ser 



315 



32C 



Ser Leu Gly Ala Gly 
325 

INFORMATION FOR SEQ ID NO : 2 : 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 3 30 amino acids 
<B} TYPE: ammo acid 

(C) STRANDEDNESS : not relevan- 

(D) TOPOLOGY : not relevant 

(li) MOLECULE TYPE: peptide 

txi) SEQUENCE DESCRIPTION: SEQ ID NO-: 

.Met Thr Asp. Leu Ser Glu Lys Val Arq- M , -r,- r -~ r A 

1 s Y Mrg *-P Arg Arg Leu Leu 

' 15 

Val Gly Ala Ala Ala Ala Val Thr Leu p*.-*. , _ rn on T 

20 ' L ~ u Ile Gl Y Leu Ala 

" 5 30 

Gly Gly Ala Ala Thr Ala Asn Ala Phe s.-r - , 

35 Tr q * ro 01 y Leu Pro ^1 

qi> 4 5 

Glu Tyr Leu Gin Val Pro Ser Aia Glv 1 w * 

50 55 - ji > Mr 9 Asp He Lys Val 
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Ala 



Sir. Phe Gin Ser Gly Gly Asn Glv Se>- p^o Al* w i 

7G * A * a Val Tyr Leu Leu Asd 

ai y Leu Ara Ala G-n Asn ^. 

G-n Asp Asp T yr Asn Glv Trp Asp lie Asn Thr Pro 

95 

Phe Glu Tro Tvr T--'r rin c 

10b ' Gin Ser Leu Ser Val i le Mec Pro Va 

»y 0l y «n «„ ,„ ra . Tyr „. Aip Trp Tyr ^ ^ 

L> " "S " y C ' /S S « IH L " 01a T "' <^ T-r s.~ alu 

140 

LJJ .r. s.r T y , Leu ; u s „ As „ Lys Qly l ^ ^ ^ 

16 0 

Ala Ala Val Gly He Ser M»t Ser riv c 

igs Ser Gly Ser Ser Ala Met lie Leu Ala 

0 175 
Val Asn His Pro Asp Gin Phe He Tvr ai „i 

ISO S lle Hi Ala G1 V Ser Leu Ser Ala Leu 

190 

Leu Asp Pro Ser Gin Gly Mec Glv Pro - 

195 Y ^£ Pro S « Leu He Gly Leu Ala Met 

205 

ci, «p „. 01y Gly Tyr , y| „. Asp Ms ^ ^ ^ 

*;p pro „. Trp oln J3 Asn A , p pro ser ^ ^ ^ ^ 

, 235 240 

«y Hi. „ n Thr *r g Mu Trp L « u ^ Cys ^ ^ ^ ^ ^ 
.« «„ „ y 01y Ala „„ „ ec Me Mu ^ 

265 270 
Val Arg Ser Ser Asn Leu Lvs Phe Cn n« m 

275 VS ^ G - n Asp Ala Tyr Asn Gly Ala Gly 

U 285 
'31 y Hxs Asn Ala Val Phe Asn Pro A C r. m 

2 90 ASn Ala As * Gly Thr His Ser T^p 

** 300 
«u Ty, Trp oly „. ?; „ L «„ As „ ^ p Gin a 

320 

ihr Gly Ala P~ Gly Gly Giy Gly 

5 330 
(2) INFORMATION FOR SEQ ID NO : 3 : 

(i> SEQUENCE CHARACTERISTICS ■ 

(A) LENGTH: 17 ammo acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : not relevant- 

(D) TOPOLOGY : not relevant 

fii) MOLECULE TYPE: peptide 

(XI) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 

«" Trp «u Se r „. as „ Arg A1 , ^ ys ^ ^ ^ ^ ^ 



10 

lie 
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{2) INFORMATION FOR SEQ ID NO : 4 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE : amino acid 

<C) STRANDEDNESS : noc relevant 
(D) TOPOLOGY: not relevant 

(ii) MOLECULE TYPE : peptide 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO : 4 : 

Glu Arg Asn Asp Pro Thr Gin Gin lie Pro Lys Leu Val Ala Asn 
1 5 10 15 

(2) INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: not relevant 

(D) TOPOLOGY: not relevant 

(ii) MOLECULE TYPE : peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 

Asp Gin Phe lie Tyr Ala Gly Ser Leu Ser Ala Leu Leu Asp Pre Ser 
15 10 15 

Gin 



i2) INFORMATION FOR SEQ ID NO : 6 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: not relevant 

(D) TOPOLOGY: not relevant 

(xil MOLECULE TYPE: peptide 

(Xli SEQUENCE DESCRIPTION : SEQ ID NO : 6 : 

Ser Tyr Leu Ala Ser Asn Lys Gly Val Lys Arg Thr Glv Asn Ala Ala 
1 5 10 " 15 

Val 



(2) INFORMATION FOR SEQ ID NO : 7 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: not relevant 

. (D.) TOPOLOGY: not relevant. . 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 ; 

Gin Arg Asn Asp Pro Ser Leu His lie Pro Glu Leu Val Gly His 
1 5 10 15 

(2) INFORMATION FOR SEQ ID NO : 8 : 

.<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 amino acids 
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(H! TYPE: amino acid 

(C) STRANDEDNESS : not rel-van- 

O) TOPOLOGY : not relevant 

'ii! MOLECULE TYPE : peptide 

<xi) SEQUENCE DESCRIPTION .- SEQ ID NO : 8 : 

Gin Gin Phe lie Tyr Ala Gly Ser Leu 



SU fn r Ala LSU Leu As P Pro s er 

15 
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CLAIMS 

What is claimed is: 



A kit for the detection of Mycobacterium in a test sample. 



comprising: 



a) a solid support; and 

b) a monoclonal antibody directed against a portion of alpha 
antigen immobilized on said solid support. 

2. The kit of Claim 1 . further comprising a primary antibody. 

3. The kit of Claim 2. further comprising a reporter amibody. 

4. The kit of Claim 3. further comprising an amplifier system. 

5. The kit of Claim 1. wherein said Mycobacterium is Mycobacterium 
tuberculosis. 

6. The kit of Claim 1 . wherein said Mycobacterium is Mvcobaaerium 



avium. 



15 7. 



A method for detecting Mycobacterium in a sample comprising: 

a) providing: 

i) a sample suspected of containing at least a portion of 
alpha antigen of said Mycobacterium and 

ii) a monoclonal antibody directed against a portion of 
Mycobacterium alpha antigen: 

b) adding said sample to said monoclonal antibody under 
conditions such that said antibody binds to said portion of said 
Mycobacterium alpha antigen in said sample to form an antibody- 
antigen complex: and 

c) detecting said binding. 
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8. The meihod of Claim 7. wherein sa,d detecting comprises addina a 
primary antibody to said antigen-antibody complex so that said primarv antibodv 
binds to sa.d antigen to form an antibody-antigen-antibody sandwich. 

9. The method of C!aim 8. wherein said detecting further comprises 
addmg a reporter reagent to sa.d ant.body-ant.gen-ant.body sandwich to form an 
antibody-anugen-aniibody-antibody sandwich. 

1 0. The method of Claim 9. wherein said detecting further comprises 
addmg an amplifier to said antibody-antigen-antibody-antibody sandwich. 

1 I - The method of Claim 7, wherein said portion of said Mycobacterium 
alpha anfgen is selected from the group comprising SEQ ID NOS: 1 . 2. 3 4 S 6 
7 and 8. 



12. The method of Claim 7. wherein said Mycobacterium is selected 
irom the group consisting of Mycobacterium tuberculosis. Mycobacterium avium 
and Mycobacterium intracellular c. 



13. The method of Claim 7. wherein said test sample is selected from 
the group consisting of urine samples, sputum samples, blood samples, and serum 

samples. 



14. The method of Claim 7. wherein said monoclonal antibodv 
comprises a murine monoclonal antibody. 



• 5. The method of Claim 1 4. wherein said munne monoclonal antibody 

is biotinvlated. 



1 6- The method of Claim 7. wherein said detecting is selected from the 
.roup consisting of enzyme immunoassay, radioimmunoassay, fluorescence 
immunoassay, .lobulation, particle agglutination, and /„ chromocenic assav 
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17. A method for detecting Mycobacterium in a urine sample 
comprising: 

a) providing: 

0 a urine sample suspected of containing at least a 
porition of alpha antigen of said Mycobacterium: and 
•i) a monoclonal antibody directed against a portion of 
Mycobacterium alpha antigen: 

b) adding said urine sample to said monoclonal antibody under 
conditions such that said antibody binds to said portion of sa,d 
Mycobacterium alpha antigen in said urine sample to form an 
antibody-antigen complex: and 

c) detecting said binding. 

1 8. The method of Claim 1 7. wherein said detecting comprises adding a 
pnmary antibody to said antigen-antibody complex so that said primary antibody 
b.nds to said antigen to form an antibody-antigen-antibody sandwich. 

1 9. The method of Claim 1 7. wherein said detecting further comprises 
adding a reporter reagent to sa.d antibody-antigen-antibody sandwich to form an 
antibody-antigen-antibody-antibody sandwich. 

20. The method of Claim 29. wherein said detecting further comprises 
adding an amplifier to said antibody-antigen-antibody-antibody sandwich. 

21. The method of Claim 1 7. wherein said portion of said 
Mycobacterium alpha antigen is selected from the group comprising SEQ ID NOS 
1. 2. 3. 4. 5. 6. 7 and 8. 

22. The method of Claim 1 7. wherein said portion of said 
Mycobacterium is selected from the group consisting of Mycobacterium 
tuberculosis. Mycobacterium avium and Mycobacterium intracellulare. 
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23. 



The method of Claim 1 7. wherein said monoclonal antibody 
comprises a murine monoclonal antibody. 

24. The method of Claim 23. wherein said murine monoclonal antibody 
is biotinylated. 



25. The method of Claim 17. wherein said detecting is selected from the 
group consisting of enzyme immunoassay, radioimmunoassay, fluorescence 
immunoassay, flocculation, panicle agglutination, and in situ chromogenic assay. 
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FIGURE 10 
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FIGURE 12 
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FIGURE 14 




U2 /r.aa irf C ) 



* t 4 1 1 | 



14/22 



WO 98/04918 



PCT/US97/13235 



FIGURE 15 
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FIGURE 16 
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FIGURE 19 
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FIGURE 20 
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FIGURE 21 
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FIGURE 22 



Western blot of filtrates of M avium and M tuDcrculosts using Kn$ scrum >99t 




ptt':.~.ti'~.Oi hod 



A 



22/22 



3NSOOCID: <WO 9804918A1_L> 



PCT/US97/13235 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(6) :C01N 33/53, 33/554, 33/569 

US CL ; 535/7.1, 7.32 
According to International Patent Classification (IPC) or to both national classification and IPC 


B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 




U.S. : 


424,141.1, 150.1, 163.1, 178.1 




Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 


Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 


Please See Extra Sheet. 




C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


Salata et al f Purification and characterization of the 30,000 
dalton native antigen of Mycoabacterium tuberculosis and 
characterization of six monoclonal antibodies reactive with a 
major epitope of this antigen. J. Lab. Clin. Med. December 
1991. Vol 118, pages 589-598, especially Tables 1-3, pages 
590, 591, and 593. 


1-25 


Y 


Sippola et al, Mycobacterium avium antigenuria in patients 
with AIDS and disseminated M, avium disease. J. Inf. Dis. 
August 1993. Vol. 168, pages 466-446, especially pages 
466 and 467. 


1-25 



Further documents are listed in the continuation of Box C. 



□ 



See potent family annex. 



"O* 



Specie) categories of ciled document*: 

documenldefining the general »Luce of the art which is not considered 
to be of porticulnr relevance 

earlier document published on or after the unemotional filing date 

document which may throw doubt* on priority ctoun<s) or which is 
cited to establish the publication dale of another citation or other 
tpecral reason (ss specified) 

document referring to an oral disclosure, use, exhibition or other 



T 



loter document published after the international filing dale or priority 
daie and not in conflict with the application but cited to understand die 
pnnvipic or theory underlying the invention 



document published prior to the international filing dole but luter than 
the priority dote claimed 



tlo*. uincnt of particular relevance; the claimed invention cannot be 
.o«»«4e red novel or cannot be considered to involve on inventive itep 
*ncn (he document in taken stone 

Jocujtvcai or particular relevance; the claimed invention cannot be 
konsidercd to involve on inventive step when the document is 
vonbiMd with one or more other such documents, such combination 
bcutg oov kjuj 10 a person skilled in the art 

document member of the wine patent family 



Date of the actual completion of the international search 
25 AUGUST 1997 



Date of mntling of the international search report 

2 .4 SEP 1997 




Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington, D.C. 20231 
Facsimile No. (703) 305-3230 



Authorized officer 

RODNEY1M5WART2, PH.D. 
Telephone No. (703) 308-0196 



Form PCT/ISA/210 (second sheet)(July 1992)* 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US97/ 13235 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Cilalion of document, with indication, where appropriate, of the relevant passages 


Relevant lo claim No. 


Y 


DeWit et al, Nucleotide sequence of the 85B-protein gene of 
Mycobacterium bovis BCG and Mycobacterium tuberculosis. 
DNA SEQ. 1994. Vol 4, pages 267-270, expecially Figure 1. 


1-25 



Form PCT/ISA/210 (continuation of second shect)(Ju!y 1992)* 



PCT/US97/13235 



B. FIELDS SEARCHED 

Electronic data bases consulted (Name of data hasc and where practicable terms used): 

APS, BIOSIS, CABA, CAPLUS, EM 8 AS E, L1FESCI, MEDLINE, SCISEARCH, MPSEARCH 
search terms: mycobacteria, alpha antigen, antigen 6, bdg 85b, mpl59, immune-diagnosis, diagnosis 



Form PCT/ISA/210 (extra shcet)(July 1992)* 

BNSDOCID:<WO 980491 8A1_I_> 



